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Chapter 2 
Vector Analysis 


P.2-1 Denoting the diagenals of the rhombus by D, and D,, 


we have: Oe PUN 
(a) D=A+B, 
біт А-В. 
(b) D,* B= (A+B)-(A-8) 
= А-А -В-8=9 
Since [Al = ЕЗ 
бөз, Ò, 1l D. 
22-2 8 
Аж8чяс-О, 
с Ах: Дх В = CAA. 
8 Cx: СхА= £xC. 
Вх: ЁхС= АхЕ 


Mag nitude relatyons : 


AB S/n Ө = CA Sin Oy = BC Sen б, 


Hence Ы А = ё = duos pf 


Sin 8, Sin 6., PM Snes. 


Paad аа a 
. 2 | 434659721. x9? у: 


-4 = -4 2 - E ta 75, | В-А Sf 2262,05: 77.7, 
1.3 = à Е 


e E 5 ; /7 
AJ БА "24-72-36" -24. 
3T. a A -24 NE ДЕТТЕ 
А ІА | Pn 251,3 1.43 
Y vires 8. 0 -24 И 0 деле ere ‚е 
te чч Vin R ДА ант 77007548, Ad JSC - 29.5 = Oj. A 


„ а, а, 
Ахс =| 6 2 -3 | = -а,4-9;3 -&, 40 
в о -| 
№ Ae CBO) = (АхЁ)-© = -Ax E Be-[cossencoscipo] =~. 


A а, Cos of Fay Sind, 


а; = а. соз В + asin f. 


а) А, - a, = Cos a-f) = Cose cos В + sín% sinp. 


>. а, & 
e 24 = | Соб snf 0|-а (sina Cos - cosa inf) 
Cosa sine О 


а, sin (at - В). 


. Sin (a ~ BJ = Sind сере Cosa BE: 


b) Area of triangle = 


a x p, Ê 

Р 2-6 a) рр = ay 2 + a4 - „4, IT Nu 6. 

b) Perpendicular distance frem Р idu the line 
=|8A ха, „| = |) -ОЁ)х + ҒА 


-|С5,5-42х RAI а |а leon 
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Р 2-7 Given: А = а,5 – ау2 +а,. 


а) Let &g = 8,8, чад, + Ê, > 
where (RZ + By +65 J =t. (1) 


| % 4,2, 
а, ДА requires 4XA=O= | В, В, Б. | 
5 ~2 1 
where yrelds : $y + 26, = 0, (24) 
~ Ba +5, = 0, (2b) 
-28х-56, = 4. Qc) 
Ё, uations (2а), (20) and (2e) аге not alf Independent: 
55//па £35. (1) ancl (2), we obtain 
Ё = ey А =— 2 and B - к мн 
ж. зо ° y Be z узо 
MEM 
dia 2 — 735 (4.5 Ay 27) 
b) бет a, = TC, 74,€,4 aC, , where С,-О. 
and Ci es =/ (з) 
a LA requires а.-А =O, or 
(4) 


¢ 


J29 


EN d - 


. UP 


BI Given: A A n Ra yr 
АВ —>A,-8 = 


Solving » We have 
жар 3 Жі. e А ы Ni = А Қ 
А," «еі ALS RT 
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Р2-0 Of = -А, - 4,2, 


z 4, (- 2)+a xx ға, 
— ج‎ =» ee _ _ T 
PA= OP чор --ас жа,%- +4, А, |22 | = уто 
At В С-і6,-2) VLLL" +a, 

4 

Ap Ap, = А, BA = A ay 26g 

^ Рр ^ I8 Ё| Jio 1-2 

22-11 a) X =rcosg = 3 соу 240°=-2, 

yersing=3 $71 240 = —3/5/2, (-%. - 3/8 024) 
2= -4 | 


"MES Cr? E =)“ = (32442) с, | 
а = tan" (r/:) = aa (1345 o CS, 143.15 2407) 


$ = 4и/з = 240°. 


Р2-/2 @-sind, b) sing sing | <) соза, 


d) -a cosg, 4) -ag Cose, f) -a, cos @, 


ca) Ln Cartes can coordinates, A= а a Ay а А: | 
А, =&, Å = (&,- а) А, + (8 „дА, * (a. CIA, 
= Д.соѕ f. + Ау on Ф 
b) In Spherical сене ына” А TA Apt Ao i 4, Ау. 
А,та,Аз(а,-аУ%(4,-а A, E Са.) Ag 
= Az sing, + Áo cos Ө, 


2 2 
/ 7+ ج‎ vf, +2, 


Р2-м a) Lr Са rlesian Ceardinetes , Е = yx + а, Е, +5, є, | 
£y = SE = (аса Е, + (ay Ey) Ey + Ay F IE, 
= 2х Cos есе» 4 + Е, Cag aN - E &/n&. 

b) In cylindrical cocihin«fes, Е ва, E, YA, Ey AES: 

Е, = D go (tg Ee (а, • aE, + (а„ Ус. 

= Ё, Се; & = E sin 6, . 

PME ес лы = 
۴ R Је) (94 6 
ее. ےل(‎ _ £ 
(55) = 2 ( 3 


Уса се лу 


Ay 


; TX E. mE f 2 ға 
^) a= сё 94 tat) ват ауа +62), 


) - 5 а Su 
02-96) = fà 2-а,3-4,6). 


=< د‎ А ГА | E^ 
i rye uh e АЕ > cn дз А aja) хз 3 
Cz = баз" (я, £ D 7 -ез 3у/(- +6-12) =со% (т ) 


= соз (ENS) = S07 CFE =2. 
2 Bc om 454 
P 2-16 J, £ ‘dL =] Cy dz + хау). 


: Р _ 2 
а) х=2у!, dx = уау; J E-4X =] (Ay dy + 2y’ dy) = 14. 


\ fre Js 
b) х= бу-4, dx» 6dy; р Е. al =] [by dy+(by-#]dy = 14. 


Equal Tine integrals along two Specific paths do nof 
necessarily imply a conservative Field. E fs a Con- 
servative field in this case because Ё = © (хуч с). 
р2-17 а) 2.-2,х%2,у44,2, = ) 22د‎ 
УА EAA e ә ү 
Vigi= “= эх (д) ау; 2) * (8) 
= дз (а„х+ х„у+а2)=-А/е% 
Dime (7) а 92-//7у--а /+)=--2/23 


t 


22-1 а) OV =4, (Ly + 2) +4, (1xc- 2) + a, (x-y) 
= a, 2) + a4 ғ4,3; Magnitude —423. 


b) ра = еш FETAR 5284, 
a тотыш а 
Rate of increase of V From P Toward Q=(7V)-4,, 


= я (4 +21) = Ё. 


P29 а) 3-4: 49--а,. 
b) FA = (а, + 2, oe +а, yz) (а, Ar tayAg + ZA) 
= $a a aA, + E IE 
= 2A. a,t- (а, oar + A. 25. + 2286 + 24а 
= ЗАБ + + 299 + 24 
= 2 (СА) + 24 + 2%. 


Р. 2-20 In spherical coordinates, 
Р-А = (RA), Я A-RA.. 


Өз әл 
ur Aa = д” 
ю”**) = (n -2)2^7 
k Ж 
gx Aga А" 
(к) =0 


ЁР = а, ху tay YZ +4, 2. To find $F-4s; 
a) Left face: У=о, аҒ--а,ахсіг. 
Iri 
T -yZ dx dz =0. )1( 


Right face; у=], «== -а, dc. 
DEA peus d 


(2) 
Top Face: 2-), Us = Eddy, 
tri 
| SS dx dy = ج‎ | (3) 
Bottom Lace: 2-0, d$ --2, «жау, ÁF-4s-0 (4) 
Front face: x-1, 95 = А, dy dz 
(rt 
[f ydydz=4 С) 
Back Тасе: х=0, =-а dydz, [/-4$=0. (4) 


Adding the results in Q), (2), (3), 4, (S2), and (6): 
фА. == i. 
b) УР =у+2+х, dv = dx dy dz. 


Se- б о, ==. 


fF (Sig "ant LA 


face 
Top Tace (2-40: A =a, +A, ds =А, ds. 
Sree Aids ا“‎ $ ds =$ (т5*) = 2007. 


f 


Bottom face (2=0): А-а, rè, ds--à zs s a +5 = =0. 
Waffs{r=s): A= 5,25 £A.2Z, diss = 4, Pu 
Aou, ^ d$ = 25 бх = 25(215х4-) = /ОбО?Т. 
Я -`. ЖА. d$ = 2001 +O+/000T = / 2.007. 
Ф.Д -3 042, wp 2-4 +=]? S rene dc dd =/ зоот. 


-4A. ds. 
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P2-23 А=а,2 = а, Recos Ө. 
a) Over c пем ЕСА ds- =a ak sinedodd¢ . 
J Е 
А. ds - / [2 ОИ LA sing dade 
= R Е costa sinê de = тоё? 
о 


Over the flat base: Z=0, А-0, JA. dF = о 
C PAd? = Вир 
b) Я.А = ane — P 1 


az ^ 


c) V v. Adv = ў х (volume of hemispherical Кес гоп у = Fr 
= $A- ds — Divergence theorem is proved. 


ел cag. _ fAagRsinededp, at R-3. 
£ 2-24 fon di - а 2 ^ sine daa} , ай 0-2. 


a) ф 5.45 =] ТЫШ (4-2)5/046: cos % d$ 


--2Г sing dof cos $ dp = - )2( т --. 


2 
f D ux rm E , dv = 2° о . 


V 
SE- de =”! Cb oi talon 


Р 2-26 а) di = a, dx + a ydy, 

| A: dE = (2x*4y*)dx + (Xy- y" 2dy. 

Path O: ж =о,4х=о, [Add m - fy dy = 8/3, 
2 


® — — 
Ф Path O: y =9, dy=0, А-а = J ax dx =16/3. 
© 
0 @ 2 X 27777700 5 
. d 2g 
SA-dz- £+ 28 24. | 


b) УХА =-а,у, cis =a, ху, Steen. ds E Cf: >ау]ах =- 4. 
с) №. Vx A£O. 


22-27 f=, Srsing арг cos ф. 

a) Path AB: г=/, = = 4-5 Sn $ +45 Cos $ j аё T4 dj. 
Lut ы =f 

ath Bc: $=7/2, F=f br; dk = a, dr. 

E F.dE- zd сеф = (6/2. 

Path ср: Fasz. Е-а, p losing + aug cosh ; AL = a42 dp, 

S Faf TJ" # cos $ dp =-8. 


с? 
Path DA: fro, ЕҒ-а,,5; d£ =а, ән. 
a Fede = » | 
$F dk = [Ry ok = у=. 
АЗз<рА 
b) VIF =a + [X (rh) - E] =3, (ars) cosh. 


с) «їз =- а; к dre 4$ , (Я хЕ)- dE = ~ (3 r-—S)dr Cos $ dp. 
J CoxEy = зге) о [Соз фав - =. 
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P2-2* 2% А- % 3 sin 25. 
2 ХА = == (а, cose sin S LA sine sin ). 

Assume the hemispheri cal howl fo be ќо cated tn phe 
lower half of the xy-plane and fts circular Him 
Cornerdent with the x*y-plane. Tra cing the rim 
Ir) = Coenterclockwise. direction ^ we-Aave 

AL “а 444, 47--2, 41</ло dode. 


$^ Ak a~ CA), Germ = ^2 sin Jd =98. 


Meme лш, аі т 
9А): 45 = САЩ Cosa sin $ de dp = 4%. 


=f A- de. 


(x * 3y-c,2)4 a Co x 4 $2) t 4, (2x-GytGz). 


FAQ 
P F C a 
= F gs. 25 2-28.) „а. (25 - вы 


Fach КВИ must vanish. 

‚(2х Gy +c z)- 2 (a +52) ~ О وج یب‎ 
о exe Z Ox- Cg с с,2) =0 --ксу>-2, 
y <= Py, 22-О ————-C0€,73. 


эх (95 + 52) - 2 


b) F fs або eee 

>. Е = 9% 2 3E 

MADE 35-32 =0. 
ЕГА Сх + Зу - 2 ех 52) »-5yte2)- О. 
| -C--/. 
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Chapter 3 
Static Electric Fields 


a) Mer VETE Илох. will make d, 9 b/ at 2=w 


#- (e) — we BCH: 


b) At the Screen Is Yo care = —D/2. L must. be = Lmax ; 
where 


mage (= (DADA). 


c) Double Moss by doubling “ғ, or doubling the. 


anode acceler cating voltage. 


іа E 
“| QT 75 ry 0.5 + ay 0.566) 
A p. 4 47r €, (0.1) ж y 
3 = 3.6 (а, о.5 + ауазеє) (N). 
\ = = E 
X Бал 3. 6 (-а,о:5 + а,0. SLE) (М 
/ = = 
N ESE “Бұл СЕЗІ (ND. 
ата ara 


Similarly for F, Е, and F,. All are 


герч (sive forces in the direction = from the center 


of 


£ 3-3 


the triangle. 
Q,P=- ауз +24, А,Р-а,4-4,3. 
At P: Е, = eu SURE 
Е, = aie (а, 4-4,3). 
a) Alo y= Component : -34,* 48, = 0 — $-i 
b) № Z- Component: 4A,- 3Q,=0 — m 2-. 


Р3-4 


For zero force on Q, : 
а, 2, @, aq _ 
Ф 


е Фе ы 
-9 ес) 4С) 36 бис) 47 <, 2% 


ER 71 „о 
өш | vn f® maf دت‎ com 
| 9 (em 


| With х = З (cm), it can be Proved 
that the net forces on ©, and Q4 are. also zero, 
P.3-5 From £9. (3-42a), f,= ec пагыт. = a 
е =— f b* va, 
£-4 X [i-o Ey] 
_ = Pf à ы 35 i 
4,26 ЫМ Ысулы 
- а ^ bM 4. 
4, 2т<,5% [£ (3) и 2 (2) ees] 


-- 


= —9* 7.22 M 
&, | 4T7€,2* eres 2а EDI : 


= 


Where the First term fs the pornt- Charge term and the 


test represent the error. Considering only the First errar 
term: 3% 


4 z* = 901. —> Z 2/55, «е8.6<Ь. 


Р 3-6 At an arbitrary P(0,0,2) on the axis; 


AV, = f, b dd 


ате (2+ БУА 

Тел 4 МЕЕ и / И 
Vp 4т< (21+). 4% 2< (z*5)^ 
= PE _ d = b 


2-6 САУ | 
а) At point (0,04), Е=а, zy 
2 
b) To tine the location of max. A › set 
54-0 — 2 т. мы ех DM 
Similar situation when P fs below the го, 


12 


ДЕ = PS RA cis oL ings 
y. 4T, ы z $ 


Е=а =~ a SFr [ы $ dé 
ау ky а, arebo ` T 


Si ae 
У 27r€,b 


23-8 Spherical symm etry г £=4,6, ° Apply Gaussi law. 
)0<6<Ь. NRE = ES li- 0) ате = ®л%/ 2 Rn 
д 6 $ (3 


^ € жы” 
= ори Ry. 
Ж BAUS гй 
оао РИ 3 тр, 
2)52R«A. YTR = Af (1-4) ne = Tee 5 
EL ORI. * 
Ra 755,3 


з)0.<0<4,. Fp =O: 
>й. Е = 2fob* , 
4) А 247 Fee Ri 


23-9 Cylindrical symmetry: E= &, Б. Apply башла law. 
a) £, =0, for r«a. 


Ep eis E For а<ғ<ь, 
E, = Ява А» Ай s dor КУА. 
о 
D TE. 
азеры 


23-0 ШМ = - 4f Ё. ай = -ZJ (y dž x hy). 
a) Along the parabol У-2х, dy =4xdx. 
W=- (5x0 9 Сач 4x*)dx = 9х10 (7) = 90 (A T). 
b) Along the straight (ne -2-2_- A --2, у=-2х+4,4у=-Л14х 
We =- (5x109 f [C24 dx -axdxJ= 90 (443). 


75 


Р3-1// Е-а,у- аж, Ed = ydx-xdy, 
а) Ме" (2-4) dx = -30 (a1). 


6) We --3f "(C22 42 * 22] dx =-60 (ит). 


7he given E Feld is noncenservative. 
P.3-/2 г” t dx. “ 
x 
j а) У=2 лыс сс 
р 1% баз _ 
2А. 
е ) Ja 
-4 A (inf Ж d +2 
= lny E 
b) From Coulams 5 law: 
EN 2 yd. = Ӯ, L/2 
E = (4 = «Виа. = as MEN Мелс 
у Ёу 2/% “у 40€, 8 YNY МА) 
c) Ж = TV gives the same answer as in 5) 


23-8 2) fg =P -3, А on all sis faces of the cube, 
| fev А Я-Р = -3 
B) ©, = ((05,-351, 6,- (LF, TL, 


Totaf bound charge = Q. + Ry, =O, 


«o 


a) fj, =P. =P 5/90 соз $. 


14. 


рз- P =P (a,3x+4,4y). 
a) کے م‎ - 7.۶ == 7p. 


Total volume Charge Q,- -YPr Cr- к?) Рег ал” length 
Out К = г”, э = 
Surface 12.2” Jess BLES, 


а, = а. 


= p (2,3 сос +ау4; n $3, 
= 5 rs (3 cos d + 4 sin'd) 
= hre (3+ sîn); 


Inner г ==. КУР 
Surface: а= - &,. Sys Ж: г. (34 wn $) 
P Total Que „шу Bre аз sim pel = 70h ez 
: er un't ү Ж ҒА. 
Total а,; = -ITR r>, рег anit lengthy . P 3 


Total bound charge Ay а; + a... = О. 


23-16 Spherical symmetry : Apply Gauss law. Е==,Е,, D= 32, 
Cf) R > Ro. E L8 . 


RI LTE R’? і 4762 
DT oa та 4479 
(2) р. 
RLRE Ra. A тг = р.= pe. | 
P. T5. ВЕ," (1-1) а. 
ини. Жа | 


(3) А<А; 


#5 


Р 3-17 Use subscript a for air, pfe plexiglass, and b ог breakdown. 
а) V, = E,ada = (3xl/o*)x (60510) =/5 0x10 (v) = /5O (kV). 
Б) Vy = Egg da = 20х50 -7000 (AV) 


c) = Lac, FE ч = E, (50- А 


Now 2,= 2, — G= <<. ET eS ED و‎ 


E pä < Esp 22-2 Occurs rn arr regron te. first. 
V, = £5, (50-10) + £28 x jo =3(40- Емо) = =730 СЕМ). 


P 3-18 At the 2=0 plane С Е,=2.2у-а,3х %4,6. 
Е, (2=0) = Ё,,(2=0) =4„2у-а„3х. 
D, (2-0) = J, (20) — 2E, (2-0) = ЗЕ, (2-0), 
و‎ Ln {7-0 ae ax 5)=а a A. 


A, 2y- ay3x t а„ т ‘‏ = )190 ر 
D, (2:0) = (4,2у-2,3х4 a, 2 )3 <,‏ 


Assume бұға, + yb, 


Boundary Condition: um 2-5. Ё. 


— =-3. 


Дог 3 „and hence Ё, , fo be. parallel 
ta the x-axis, Е:=-Е | 


Boundary condition: а, -D = =a, 5. 
„т Е, =, P En. € $ =66, 3. 


є,.= 3 = 1.667. 
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‚23-20 Е = 29у + Є, - 


| =- -P | 
Assume Q on plate at yod. Band, = ep 
V=- E- 4F = 94 by fe) ` 
У<о 4$ ) —€,) 
= _@ < e). 
v d i4(&/€) 


Ёё 3-21 Led А Бе the-linea/ charge. den sity en tHe iriner- 


Conductor. Е- — zh Қ 
А A 
V=- E. JF mh ل‎ ARE. 
0 /[ "ате (ж) A  ín(b/a) 
a) Е (аа, 
а (n ( b/a) 


b) For afixed Б, the дшш to be tnirumized i: & =b/a): 


5 س = 


d Ы 7/8. 


с) m'in, ров eV/b. 


d E, 2 эте =. 
)c- A ina)" 2т<. (E/m). 


=0 уле Гах ly x= =/, 


2 т = Р = ырл b 
РЗ 2.2. Doa s Е, = EU. Е? б< к< Б 
Е _ Р, 
EIU aee РОР 
‚ f, 
= — “= = ж £ b { v 
VER С 
ЭШ, 2-ті €, 
C= fe =P (FA 
У a) Ea (C^ 


P 3-23 Assume charges тә anc -Q on nye fnner and outer 


Conductors, respectively. Ё = a, Er = 4%, “иш ; 
Ri 
VoL arna 


ЖӘКЕ тє 
C= у 


эл ЖЕ, 
(И es Ик.) 
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P 3-24 letal нс acréss battery terminals, 


C= Ф сие)- 
Total stored electric en ergy /% = 4 c C20) Ям). 
494 асыр ) | 
W, rin 2-(уш/) Cap acrior = 5 (2х/6%х FO -64 (ew). 


WA in Lou Е) Cap a citer = 4 Qo *) x 40-0. % Очур), 


120(9 We in (у) capacther=$ Gato x 4c* -24[. mw). 


Р3-25 Fez a, 6r Sing + Ay3rcos d, 
<= ay dr + ag r dé та dz, 
илла Е. IE = (xref сов“ nde naf cos #44 


а) first r=2, dos 17/3 do-7/2; then 5 7/2, үдеген 
ИМ. = - (< хо SE вн || 
= - (Sx jo!) [- 18-36] a ст) =27 0T). 
b) First $ 77/3, r froan2 to4; then r=4, тел to 72: 
Ил. = - (5-х /о ге) < sin( ¥) + г +3 (4) "inel ‚| 
= - (5 x (07°) [1197-72] = 27x10 (т) = 2764. 
—— Селе а; И го pert a). ЯхЕ=0-— Е iy conservative. 


23-26 Assume the (nner and outer rac: to ре. х and 
Atr respectively. Substituting £3G-r7) in £y. (5-17) 
anc Using =. 63-55) we. Dave: 

E a E 
ға === ($- Sr c) 


ss а: =- а? in the direction of 
decreasing К (attractin)- 


7% 


P3-27 Switch open : Chacges on the plates are. 
Constant, 


: 2 
Q =C% E И. = Pr 
c= а |45544), 

Fa = “TW, = -а > ie) 

== Sd < - €, 


x aw [exte (1-0 4, DE “24 (<- -%). 


—2 8. 
[eS Clse Subscripts d asad а; to denote dielectric and 


air ш respectively. 7 V=0O т both regions. 
=с,у+#с,, Е, = -ау с, 5, = -ау SE, Cy, 
- буз © 42 E=- Ay 5, D, --4,€,€, * 
At y =0, У, = 9; af у=4, = 
af Ы VW. D-DD. 


2 


ЕС V ; <, Vz (7-є.)% 
е 2 ----2-- = , = ғ, 5 

Solving 9 @srarejd? ® 0, 57 Getaze jd 47 frase, 

= SY Ve з = = SVs M 
^) Y= چچ‎ 5а Ê = “ay re уа 
b — S€y-4[(6-0d Е = _- _ $ 
^Y, б) V, £--a (406, )d 
<) (Uy а = - Сл), g= See 


23-29 Poissons eg. wy. +H) 22. 
Solytion: И=- Ализе течь, . | , 
&.C.: (At r=a, Y=-fatelrate. e =, 
p reb, 0-7 - db она. = lebt ава). 
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S4. 1 2 2V Y. 
23-30 ZV =- کم‎ =0. 
SS Ут с, (o Tow UE 
Ёа uncdeary Conditions: 
TE lna + e. 


At rea, у= = 


= с; Ln б + Cz. 


и 
у „= (n S/a) 


<. ° Un (Ma) 
у = Ye. | Е--бу-а ЕЕ. 
Surface densities: At кжа oce Eu ar 
At Feb ag E Ea aS | 
; ane р 2 | 
Capacitance ç - @- Е 21а E I 2 (€/m). 


per unit fength 


2-2) V and E depend only ол g ——> La, (3-129): (лө Y)=0, 
. : d ANM on 
а) Solution: - E = ES — Ив) =Ç ln (tan 2).c,. 
Ф.с. О И) = [А =, ln (tan 2) ыс, : 
@ V(z)- 0 ec Lo (fan 2(+ — Сұ 0. 
— _ Ve Glan CoA] . 
VIS SRT ET 


жалы SUE 
— ln [han (</221 


/ 
b) E=-7 2 is V | 
Е To pde ^e R (n (lan («/2)] srne E 
C) Cn the cone ` e-«, f= € Ela)= - E ТІТЕІН 
=-6 7 = № |. 
=e E (Z) ET TE] 


On the Grounded plane; e-" P 


03-32, Consider the conditions in the xy- plane Сх =0). 


— _@ / ( 1 
а) "= gh ooh E. Ec). 
) PU «T€ (Z 4 T: к, 2. where 
R= [ix -el y (у-4 FI, А, = [с-а y+ ytd 1^, 
1A Ry= [Cet yt (y-4 У. 


Ryn [Cred Fe ytd J |, 
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Ê = -PV =- 22 -~ ӘМ 
Ер= -V V, axax ys 
=; 9 [ м x-d xtd | xd ] 

=а ——|-2—...X-.. Ха ү 
Ате “да RE “а. 
= 6. - 2 Ytd ytd y-d 
E E ED aC ER BAC Ича 
Y 44€ a? ГЫ R? Re | 


Ep will have a Z-Comp on ent ($ the point Pdoes ной {ге én 
the му- Plane. 
b) On tbe Cog cl u cting balt-plan es, 
Along the х-&х(, у=0: А,= (Cx-d. Y e q* 17 =p, Р 
» and £,—[t td td>] А-да. 
E = à d d 
fer Буе re dl 
x 29) = GA | _ П 
БЫ o) 2% { (бх-А jd [(xtd repe 
= | at x=O. 
max.,at x=d - 


2 =D, =€E, . 


Similarly {ог Р. (х=0) ою the Verthen/ 
Conducting Plane by changing x fo у, 


Assume Ё ($0 nC/m) to be at Узб anzl 2-3 (т) 


P3-34£ z 
4 P A —— 
2 UR oN а) Vector from Де to 2(943): Е =а„4. 
3 fo Ча a P ‚ 
| Е. Ё, Vecfor (гот - р, юр: =i ae АЕ. 
клу тее жы ЛИ ЖАГАР ЛДА а 
3| / 7 + 2т< қ? 2:75; 4 -Х/0 0,925) 
E E acp n duse Sr җә; zs 
h E ane, "ri Ухо (а,2,2274 2, 0,15). 


Е, - Е, +2. = 9х10* (4, 0.173- 20.5) (vin) at P 


2f 


5) A [4 A (0,4 о) on the 2ey-plane 
Cthe. ground) : 
Vector From f, to КА fs Я; = 4,4-4,3 
Vector tram - -fe =й. {з t= = ау +3. 


= А Ry4-A3 г. -% yd 
2.77< d бош 7 276, 4°+3* 


E,+E = == == (=) 

- 9х (o C a, 0.24) = -4,2, ulis 
YR -< 2 -f (- 0.24) = و‎ 24) = - 191< ° (C/m*) 
= 1.91 (р/а). 


Р 3-35 Given D=2 (cm) , a=03 Cem), 
a) From £s. (3-163), 


d= (р +fo~4a)-f£ [2+ [25-4 (o.3)* ] = 6354 Com) 


d= р-а =2-1.954 = 0.046 (ст) = 0.46 (mm). 
b) р = LEV „ 2m"( ко «hoo | -4 ер 
) 4 ln Са/а) Ln (7.924 0.3) 2.96 х/о ' (F/m) 
= 2.96 Cn F/m). 
c) Jhe equivalent line charges are 5е-раға?есі by 
4" d'= d- d; = /,954¢-0.046 
“he 1% = {.908 CCN). 
ز0‎ js -,%/о0(у) =. _ fe E 
i م‎ a Tra d24) 9 = 44.4 (V/m), 


—— ina direction normal to the 
plane Containing the wires. 
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Chapter 4 
Ste ady Electric Currents 

24-1 аур= X У. ан 4 =3,54 x10 (S/m), 
b) Е= p = 6 х1073 47/9) 

с) Ps V1=1(w. 

d) р.= Ж A The. given electron mobility 44-x/ 

Vi that of a_good conductor. 
м = izl- || -161= 1.4 А107х(6х/03) 
= #4х 10% (m/s). 


573 (тт МИ is 


P 4-2 А, = Resistance per unit length of core = gl = “паг 

R= Resistance рег. unit length of coating = oes, 

Let b= Thickness of coating. =s = = (аз) Tat Tr (La eb, 
йз b= UTI (aom 2.32.0. 


aT = 2 mq d тар өлен 
аа. T T e) 2 25, 29), Zona 
І 
‚= = Е = A. i 


=  ———— 4 
9 2паг б оле" Arar 


Thus, J, = /03,. and Е = Е,, 


Р.2-3 I” (Бйз - ЕН ЖЕНЕ) fm pew 
a) № <}: Ё == 23, Grave? - д, ВА ЕЕ a sx ota e^ ft ut 
R >b: Е & i к/о© Cm). 
b) 22 E UT 7.5 x/o вае (А/»У. 
* اک‎ 


2.3 


-et Pre si t= ме. =4 YF 110" "9 =4.39 G60). 


P4-4 a) e f 
о 
5) W. = if, E; dw - 2156 e Ct _ (He), eT 


Ст = [= ires Energy dissipated 


as heat (oss. 
c) Fle ctrostet'c energy E 
stored outside the ni W= Pf €nR Rz ЕКт<,8 -4% 02) 
Con stant. 


— 


24-5 1,< 040A), Р, = 3.33(=М); I,70.02 (A), В, = $00 (00); 
I,= 0.0133 A), 2,7 5.3 19 W) ; 4,7 8.77 (Ww); 
I,70.0662 (A), Pg 44.6 CO W) . 


Total resistance seen by the source = 7 (АУ 


Lg= 9.0333 (A), Р, 
5 Р, = ит = 70 (aw), 


Е-а,22 -а,во (V/m). 


а2 E, =Е,=20. 
Ла Ж d GE, o E. 
E ELT Ge 080) 
FIS. 


., E = 4,20-4,75 (Vm). 


к 08 = (5 х/о3(а.20- а, 50) = ay, 0.3-а, 0.75 (А Хт). 
Jo x (o? (à,20- а,75) = 4,0.2- 4, 0.75 (Ale) 


2$)-»5.1 


d E 


7 = 
5o 
с) a Tan 50) 69.2 > = lan” 


а) D Din =f : 


<, £3 7€ EA d 
R= €, (-3х75 + 2x 50) = -/25€, --1.105 (nC/m*) 
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CC) = 6, + (6,-0,)2- 


a) Neglecting tring ing effect anc 
assuming a Current dAensity P 


» 


په 
н‏ 
i‏ 
в‏ 
x‏ 
e‏ 
м‏ 
i‏ 
la‏ 
И‏ 
|[ 


; | кэр =? 
Ат = ту" 5^7 
«2709. __$е(®-@6;)% 


b) (f), €, Eyd) = 


а; td быб) до upper plate, 


= =- feel. _ _%(%®-вУ; ae 
(fy < Еу) Ta- dfe on lower plate. 


24-9 a) Continuity of the Normal Component of J assures 
the same current ѓо both media. By KirchheofFé 


voltage law: 
d, № 
ake a . 
a T = £ = ыз 0 NN - = — Go > 0 ” 
в. 5 (di/e)*(e fe) Sid +4, 


b) Two egeations ate meeded for the determinatan 
оў Е, and Б: =E d +E d, 


Gnd ЕЕ 
Salving, Wwe have Е = г; Vo 
( € dl, +0 d, 
и. 
and £. = — eve . & 
Б Od, + 0t2 
с) Eguivalent-R-C circuit © d d, 
between terminals R с. 6 GS 
Я ‹ "m 
а and h: R= T. 
4 с, ج‎ 
C= Es, 
b ) d 
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P 4-9 а) Same egurvalent 2-с crreurt as {hat ғ” 
Problem Р-Я with 


CE f | mr. b 
e, = Ter P CÀ), К, = THEI (2). 


Дате. жасата. 
1 tn Cela) 2 n (5) 


u Е AS 210765 1,1%; 2 
6) I-VWG-V АА, “Gln (be) +4 Ln С) 


=й ы ы азбар Мо o a 
Z"rL ғ 14 ( C6 )4 5515 Сс/д)] 


24-0 Resistance. R= £. 442 4-16) 
== Homogeneous material with a urydarm Cross section, 
Between top and bottom {flat faces: s=% СЬ^ а?) 


Qu ФА X. 
R oT Ch*-a™) 


P4-ti ( (че. La places eguation (n cylindrical coordinates, 


озу — L э 23 с 
v'y-o — $ (rZ) -o 


Е 
Solution: Ver) =c, бк +e 


ae 
Boundary Cond/tons: Via=V ; МБ» = О. 


- Ён СЬ), 
— ИС) = M 


F SS oW um: шт. 
С) а = 2, тъ фа) 
Је) = Есе). ee 
- = Whe , Tre vo 
I ET J- d3 =. "7. (арға) = 2 tp (b/a) . 


ї Tra 
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R 4-11 Assume & petertial difference V, between the. 
inner end outer spheres . | 


Vy =0— EER —V=k— „К. 


R R. А? 
= – (4 ЕЕ А, | "S | ¬ 
SS 
— Ka ger. J -CE =e. 
AR e ^ ROR 


ML „э. „у. ш ЧИ. 
I S TR sine dod E3 


1 Ат R, к, 
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Chap ter 5 


Static Magnetic Fields 


P 5-2 B = ay By $ Smi ; 
= E NI b 
g-/ E ds = PR], dr 
= MaWZh b 
so qua 
ath o; NIA 
IF B, af r= i is used, # = AREA (E). 
^ error = %-% x [оро 
25-24) ||| x/oo. 
Cb* a )LaCb/a) 
Fo ді =S the error 1s ssa? -1|xfoo 
Га , ў (541) 15 d 
or -/7.4. % (Сао low). 


В 5-3 a) Use Eg. С<-32<). ل‎ = adz, R= a, - az. 
БУШ, A- à, dz/x(a,r-a,2Z)-dag rdz. 
By = ay GE уж" 
let 2 етапе ‚ dz =r есік сі. 
LET JA Cos a da. 
= аф Ser Cae. ~ Sin =) 


“ 


| | po | Я 
5) For an infinitely long wire: ®-—9о and «->-70 


= = І 
В, becomes а, Кез 2 5 (Э Ек. 363. 


2% 


Lise £3. (S -35): 
dA, = а, dB, + ay d Ву 
= Zy (48) зіл Ө %а,(48,)<о36, 


AX <А Mo CX far) dx 
wh ere 48; 2лт(х?+ d2) ^ , 


А E Z 
= , = x 
ле (xtd!) cosg = (x жауы 


Bp, = 4, B, + a By, 


| fw 
= ела [" dx' А1 p (zem 
where Bx 27 w A x + сј? Ya Тал "E , 
ut ^ ГА 
and = fol |“ жал, 1. w 
8, LNW ха алғы (n (1 “а y 


І {lows into the paper 
I—*—»» (in -&, direction). 
o ‹ 


mm d, + 
= 1 2 dx’ — ALL 
B=- 9 аа Ses A). 
ғ, а, 277 Ww x^ а, ЕЙ (13) 
d, 


P 5-6 App ly Итрёге’ Círcurfal law , Еә.(5-/0), and assume the 


2, medium to be nonmagnetic : 
EE ы. $ 5-42 -/4,1. 
For 0&r£e, B= aq fort. 
ELT: For 
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Assume that fhe current flows 
(n the counterclockwise direction 
In a triangle lying ín the xy-plane, 

From £g. (5-34) and hoting that 


= WT = 27 e wW 


3" 
we have 


8-3 (а, PT Em ға ) nne 


L/r «Үз, Урта = ж. 


£s. (5-27): 
а-а (и), 


“ д[(«-2)*'+ ы) 


шер. | 1-2 


2 2b v (G.- 2 (4 b> 
mn E 
Jz B 
For [,—7^, 9—0 and 6—1, = a, ANT (созо, - cosg), 


and Фа, “Maa, punt, 


P 5-9 д.) В = VxA =a Кот. =-д lal (No chan e. wrth x.) 
د‎ 4 221г ^ 3F 3 


Ы Use =f A-az. 


Blom Horizontal sides have no effect. 
lo e] "Side. Ф: ЛА. d = Жа, ai)xo< : 
(3) 9,6 Gn) E = 
E Side @: f A- at -- (GS таков. 
& "E | 


- (4m 197 )xloxo.6 
a7 In 7 


= 2. 34 x(of (Wb). 


Infrnite Current sheet 
—- д artis ymmetrical aland. 
independent of xandy, 
a) Apply Ampère LQircuitel 
law to parh /234f: 
$ а= IAS X erp 
iic B, - У at (0,0,2), 
+26, /1 at (0,9-2). 


b) For z>0 
VAA -E-5[ 2. )- 
A ts in dependenf of x and y. 


ЗА _ І, 
Z 


dz 
А„= - te 
At х=2,, Áx = 0-- Ё: с — C = e e 
zh ھر‎ == Ie (2 - و2‎ ( 1, 


а) Given È = 2 | 

2 | Ё, a 7A а, =a А. 

GEA 77 MIE Нанта, 
Medd {BY Given он. = 

ся 2 Е.Е н+м) —Н,-а,(К-м;), 


В=а, „^1, 


P 5-12 а) гса: ES Eg. (6-14). lar <b: К-а, nI, 
| 
| M=0. 


a) ў Ох) = О. 
Ins (Ap со58-4, Sin 6)M x а, 
= а, M, sine. 


b) Apply £g. ($-37) to a loop of radius 
b sino Carry tng a Current 


Jas 546: ) 

ә uu Cs, bte (bsinQ)- 
dA =a, > ра" 
а, fe sinto. 
= EM Ud =. n 
Ё, = [25 -a ку sin?’ dà =a, چ‎ AM, = F fom, 


at the Center О, 


Р<-14 2 a) 8-4,2 - а,%о (mT), 
&| OAir В,= а, ES Ay B,, - 
ко An -bax 1 Н,,--2- 
Уто wi x Hu д00/% ж 7^ 
= ae ——— 6.х = 10000 (m7), 
| Pre 5000 Bıy= Bry = -fo (^T). 


© В, = а». 10,000— а, fo (m7). 


( | 
tan x, = Gè tan «t, = sooo (E) =fo00-—> X= 69.98, 4-ға 
a y 


32 


b) Tf 2,-аиоға, (ыт), 8,-4,8,-4 thy 


В | | 
= PU. 2 ш сг ect 
Hex ^^ 2% Te B= GF n= 3606 Е: 
т B= 2. . Ё= &0.002 т (mT). 


ta -/ "n > 0.002‏ = بے 


| ^ Bee 2. = 0001 (rad) = 0.0677 


4-а;8, AAT Г = fy- соя. 
= LN. т Pda d 
z =. [PL Mua) 


a -P Cosa 
- L = NE AN? (қ Vrt), 
ГА Rb, 5,5 eZ can stant). 


| м MNP 
$ SBS = Bi (rb) = амел. وا‎ 


LSJ T inthe long atrarght wire, 6-4 = 
d 3 b 
Aig n Eds -J Ву Cro) = x (er 


- Ды Lat [584- -din(t+ BBY) , 


zu A, d 
L = -- 12-6088). 


PS. Р.5.-11 Approximate the magnetic Flux due їо the long loop 
-linking with the small гор А that due to two infinitely 


dne vv fre s Petr ii egua and opposite current I. 


а г (aS ~ wig) 


- иы at), aed, wed 2 
w + utd 


Moh (ила) (ил ә 1) 
г An ” om + р 
Li, І 27 ln dw; жы, +4) 
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Р 5-14 ee Д=тТ, =Т-=25 (А); а= 0.15 (њ). 
A В, =а,28,, cos 30° = а, УЗА. 
say 


а, H я force per unit length on wrre 2: 
/ 3 Г--т san УЗ Mol* 
ae. رة -= 14ر3 - = ير‎ m 
; = - = шет PE 
A Is 1% а, 1150447 -ау 1.44 x0? (N/m). 


Forces on all three wires аге of equal 
magnitude and toward the center of 
the triangle. 


Рс-і4 Magnetic Field infensity at the wire due to the. 
| Curren? сі I= xy in an elemental | 
dy ез 
т dl . Id А 
| а рау 
Symmetry — Н at the wire bac 
only a y- component. 


—- _ _ г9й 
25 f tai 82 Es 
= “ауле ten (252: 


=I xB = (- ayz)x yD = aE tan" (2%) (N/m). 


3» #®=&„9,. 
“Р-ТаРхВ 
ант + а 


= nz tds 
Р ат | Cy vay) 
=-а ABE in (9-4). 


“x20 


(A rail-gun problem.) 
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P 5-21 Force іп а uniform magnetic Freld: 
Е-ІГхВ =-8x(ZL). 


| | i Ё-д,о.Е (т) -x ТСАВ) ІА) IEE) 
г —(а,о. дух /0(-&ду-4д®), PTDI), 105,02 
Ir<10(A) force: -&,05  -a,0.5 а, 4.0 (м) 


Torgue on [дор = 
C X T-mxB = (а, Is)xĒ 
= (а, 10> хо.лхол)х(4,0,5)--а,0,(М-»), 


P S-22 B, af the center of the large circular turn 


of wire Carcyrnq a current Т, /s (by setting 


Z =0 in Eg. 5-37): "E 
D а 022. 


B c nz. 25 


Torgue on the- Small circular turn оф меге carrying 


о. Current L, fs 
7 = in, xB, = (a, 1 mox (aa Se 
7 = hı x5 = (Rg, rn 951 25H 


= (> = [MoL Inr? 
) ,په‎ × &,,) Pee > 


which ia torgue having a magn tude 
алата, 8 anda direction fending to 
align the magnetic fluxes Produced by Т, 
and Iz. 
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Chapter € 


7 нае -Varying Fields 
and Maxwells £guations 


Ре-> В =a, 3 св; (snio t - 3 ry) (07 Те CT), 


[5 i Ti С 3 cos (110% - ту) 5(&, 044) 
ms 53 fe (тга? ^ o.fm) - ein S mto САС 
AU =- EZ ds =4.5 [cos(pmjo't-o.fm)- Coss (Tt См) 
5 
L = 24 = 0.15 [со $((&7r fo^t - o./ тў Cos <тю%) 
= 0.023 sin(sq10't-0.057) СА) 
23 sin (910% -9°) (mA), 


26-3 (f, (ag phasors with a sine reference: 


Ml 2 I 8 ZA сіна 
Ё = % ج بل‎ | T 


arr 


= olh 
U жеге co e Phases: Ye July, — oF ln (1 pi 7) 
_ے عا‎ ea yh = 
di с ow ln (1+3) 


LE h Lih сд em (2/ aL) 


| КЕЛЕТ : 9 
oe ee a lo (19 E) sin (wt nes 


36 


Р 6-4 


چ 


B- -a Le 


Induced emf in loop = фса, xF )- dls. 
“y= = Moteh*o( 4 


( Ў; 
dud) 
із a. clockwise direction. 


а А .. Ho Teho 
2 2. 2ard (d+) 


ау If 1,-0: 
с = 2-Сахд)- (2,21) 
= az (1015 0,04)x 0.4 sin Wt 
= 0.251 sin loont (А). 


b) If L*0.003€ (H): 
= foo Tr o. 0035 = 1, 


Rtja ^ ЕС а ЕТУ i 


EY Sin Cwt- 65. 6") 


_ (отко. 04 xot 


= 0.104 sin (fOOT - 65.6°) (A), 


2 = EŒ- St) =-$ cos wt x 02. (0.7-x) 


7-Cas wt [0.7-0.35(/- coswt) ) 


=-0.35 cos wt (f + cos wt) (мт). 


/ dg ( 


2 dt A 0.3600 (S к wt ¢sin2ut) 


= -L75 WCsin Lot + sîn amt) 
= — 175 ш Sin ӘЕС(--2 соз) (mf). 
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P 6-7 Conduction Current density : rE. 


Displacement current density : : 70р =306є Е. 


For egual magnitude : T= 277є,є,#, 
4- ao 3 
^ су 1810" (m) а 
a) Seawater: Ё = /8 х/07(--) = /o* CI) f (GHz) 


b) Moist soil : F = Ig» 107 (10:2) 02 хоб.) 
a2 or 72 (6). 


a) Displacement сиеті | = WE _ (amxfooxtot) x sxe? 
4 


Conduction current 5.70 x fo? 
= 9.75х10% 


5b) Tr a Source-free Conductor: 
VxH-cE, 
р xE = --jou, 
XO? Ux Vx = V(U-H-V^H- COKE. 
Bor z H-o, £ 3. © becomes 
>H + сўх Р- о. 
& © and @: 
WH - Jour A= 0. 


3 
® C609 


P 6-9 Hoa, 30*a,40 a 20. 8 = Bn Н, = L- 
р “д, 
am” (Н,-К,)-Т 8,8204, 
-”2,х (8,30 *0,40 -H,)-a, 5. 
—Hiym39. Hy -45. 


Hyg = 10. 


а) К, = 4,30 иш ыы + а„]о (Alm). 5) E = 2, К, (т) 


с) о = Фан. : -68.24 d) == at +S У 
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P 6-19 Medium ds Free space. 


Medium 2: Jf — 59. Н must be zero so Жау 8, 
ё 


Boundar a x DI ж T . = 
` Condj4isàs : а, H, J, Bin B, 


"s not 
747 ЗУ ТҮГІ 


Р.6-іЗ3 Ес, Е)= 50 cos (2т/0% - kz) (Ум) in air, 
Жы = SO (V/m). 


с 
Жез EE жОЗ (т), 
=X = 227 


a) At 2= 100.125 , kz = 200.251, which is same 
as tor kz = 0.257, or 1/4. 
Xt is а plot of E&) = So cas arr? (t- 7/2). (Vk) 


Б) At z=-/os.“rsr, if is a plot ot 


E(t)= 50 cos amri? ( + 7/5) 6731 


с) At Фет, we Plot versus 2 the Following 
Sinusoidal Function: 


Е (2, 2) = 40 Cos C Агат Ет cos[-k(z-2)] 


— 50 Cos 207 (7 -0.075) (V/m). 


P 6-14 Use phasors and cosine reference. 


— 


Е =a, 6, e”, E -4,00367"^ . E,- 4,004 e? 
E=E +E, = a, Го. 03€?" 0.04 272] 


=a, [- 3 0.03+ 0.04(+ 3$] -5 0.066 6 273^ 


—> £,99.068 (V/m), Y =-72-8" 
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۶6-15 Use phasors ancl Cosine reference. 
H= a Ho, H = 24 (o * e?" ۸, پت‎ 2× oe“ 
— /(,7 fo *- y +2 е2) 
= (of [200s 4+ 30 sin < ЛЕ 
A sina =| = 0 —* © -309 or 7/6 Crad.) 
H,= 2x (o *cos 3o* =173 x10 *. (A/m). 


P 6-17 See Section fo- 2, bp-428-424, 295. 4-6) 
and (19-272. 


P &-/# _ ت‎ 2л(бох/о9 _ е 
Р-Я a) ke зоо? 047 (ғаа/һ). 


р) o / 2 Ki 7 а 
- M PER ME, 2 
Ч = а VET ар эг эф 22 
Еу 50.56 
-.2 д, 24а, 2-61) e 
iu, oz - 24 р, CIN € 
_ = k Eo kz چ‎ E -30,4 
- a қаза ағы 
_ = Е -j 2.4172. 
с) a. u^ T Е е (A lm). 


= _ Eo -20.4mz 
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2 2тхіо? | 
Ben ке Е 
ШО 
“fo 
E Ж LR. 
Tn Phasor torm Ё ag то T 
From £5. (2-99). Қ- 22-21 | Ks жш bait 
fly R^ Sing 5а 26 3$ 
Ó 0 Sinde зм 0 
з . - Е. 
Sing- e”. 


Ма 


Ln instantaneous dorm: 


Sing cos (2 rr/o t - 10 T R /з) (Аб) 


И CR, 8;t2- - 4% 
P 6-20 in phasor Е: 
Es a, 0. / sin (fotrx) езе б 
дата 
© s [5 дор sin (tom x) + 2, 0.4 (107) cos (toma) | Ear 
pu H 
о i ` 
= ME о) 2 [ to? «g*] sin Сотк) е 3р2 @ 


(Com) P = aue = 400 777 


Eguating Ф and O: 
= f "305 т = 54.4 (rad). 


From ©: Дод; 6) =Ge (ie) 
xd ay 2. зом. *s'nGouxcas (41-544 2) 
- à, 1.33x10 * Cos (tora) sea(Cmrot- 54.42) (Af) 
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P 6-21 H(xz;0- 2,2 Cos USTE) sin (Gr 10% ~ ==) No). 
Phasor wi th sine reference: 


H =&а, 2 со; Sax): € 242 Ф 


УЧ 
| 


ы (28.3 2 


E а, | (+ E] Cos (1972) sere ® 
Comparing O and ©, we reguire 

Corr) ptm лус, = Өле? 

~ Ё = 13.27 ~ 41.6 (rad/m). 


From ©, we have’ 

Е Cx, z5t) Ln CE e?*) 

ax 496 Cos (Isma) Sin (бт го?е- 4(. 62) 

+ a, $65 sin 5х) cos (беүго%-4(.© Е) CVn). 


42. 


Cha pter 7 


Plane Electromagnetic Wa ves 


Р 7-1 a) Zn а source-frée Conducting (ied ira with 
Constitutive елине CEES <, М, and a, 


Eg. (1-62): VxH- T+ 22. 


8 2E 
_ = » е =: © 
Е93(5-16а) ` VxVxE- F-E -7E 
& (7-61): = -м SEXE) e 


Substituting б) р © and noting that J- E =O, we 
obtain the wave equation in dissipative medra: 


V "Е HOSE - He 35 =0. G) 


Sim ilarly for Н 
b) For time -hacenonic fields : = —(Qw) and Zea): 
Wave equatran © converts 1o ffelmholtzá equation: 
WE -youcE. + К*Е=О, where k = се, 


St = 26 =0.3 хо? сә. 


-3 
a 0.3 x10 
Ё = ¢= 2. : хзх{@ 


= 45 x [0? (м), 
or 45 (Км). 
h =R те = 45 x [0° sinis. S*-/2x/0 2%), or /2. (km), 
Af = Af (Ecos 15.5 


к EE ga = 410.1 (m/s), or about 4.2 Mach. 
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Ёё 7-3 Assume. that KR has tbe. Были: 
Кс i, e3* 9 Е. 


Then, From £g. (606). 
ЁСЕ) = Ox F(R) 


PIS 
2 Sus Cj kya, x HR) 
=- ule (Mae), х), 
or, E(R)=-na,x HCR) 
Р 7-4 H= a, 4. x 10 cos Cto^mt - -kyt X) СА/м). 


fot 
a) k= = et, мисе жайы (rad/m). 


A= 27 /k, = 60 (m). 
At t=3 x10? (5), we кеўсеге the argument of cosine in Н: 


2 - 77 
fo T (3x16- 3g У + F =+нт+ ЖТ) n-942.- 
ww Y= £30n-7.5 (m) =22.54 94/2 (n). 


b) Use. phasors wrth cosine. reference: 


jf = a, 4 x (6% ef erem) (АЛУ. 
From the result of Problem Р. 7-2 


E--» &,x& 4x10 e EO ema) 


= -a, p е2(-9. /05у + т/ж) 
д 
--а,/-61х7073 AOS EMD (Vm). 
The instantaneous expression for Е е E 


£(y,t)- -A 4.54 cos(1o' Nt - o. (osy+ т). (тулы), 
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Р 7-5 


Use phasors with cosine reference. 
E A297 ауте? (үш). 


а) 4&9 —/0* (rad/s) جد‎ f= toas =1.59 x10" СИ»), 
P» ИВ (rem) — ^=2тур = 2/3 тт (т). 

b) а= = —- <= (BY = 3. 

- с) Left-hand elliptically polarized. 


1201 _ 120 
D ТЕ r= са), 
n 


= ax £ = (26M ag ,ع‎ 
(4,6) = 


za. sin (te - 2/3) + ay2 cos Сто - -245)| (A/mm). 


Е 7-6 Let “= wt -Да. 
д = Ay ЁК SIN « + ay ғ; o $n Ce 4 Yr) 
m Ey =? aE, 

Ех = SINK, Еу = sn (eX) 

Ё fo Ezo 
= Sing cosy + соха Sin Y 
_. Ex А C x1 чш 
= y Cos үч (Е) хсл y- 

(E -f cosp) = - |i- (2 Ы » 
(о 
Rearranging: 


aO T Я Siny E E, sin , 


which (xs the equation of an ellipse. ^^ £c y Plane 
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27-7 Given: F= 3x/o" CHz) , <,-2.%, 


Tan 5 =: =0.05. 


о [E)E — 
ee = (Е) nes Npe. 
Poo 0.279 (m). 


b) ~4q): =”) => g lf- 8. 
Еә. (7-44 e 4% (1 tjie AA A 
Eq, (7-43): Рт = T 7 £(E)'| = = 3/. EN (rad/m). 

х= у = 0,063 Gn). 


%- E e * (v5). 


g 
L/= fie 
“т Ее iC "|= f. 89 8х 10 (mls). 
| = - 44A ті 2( X -аоовт) 
c) At x=0, Е Nd R= уа, ХЕ = 2,0206 З 
: е 
с) = а, 0. 210€ ^ * cin (Entot -3 (ep x 4 0.2297 


(AJ m. 
Р7-$ Roth copper and brass are gaod conductors, / 
(ot: “-/луле, = LODE 
a) F =I (Mha). 
5 (m) 
6.&(xfo * 


/. S txio? 


0.69 x to? 


2.64 «10° 


4.(6 хі 
4.18 x(o* 


3.44 x(ó* 
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82-4 а) Sm уу 2 — С = FFT “0.94 х/0* (Sim). 
D At f= зо? Hz), {турс = 1.98 10% (N/m). 
| = ).75 х/б (тө) = 0175 (nm). 


m „© 
20 log, е. -3048)—- 252 (94,6 


27-19 Ca¬ Elan e 10 (W/cm). 
а) |El-o.025,7 2.75 (V/cm) 7275 (V/m), 
|н] = Е Ма, = 7.28 x10 (A Jem) = 0.728 (A/m). 
5) ФЕ „= 1300 (w/m). 
|= |= 990 (V/m), ІН| = 2.63 (A/m). 


Р 27-1 Assume cir cularfy polar rend plané wave: 
Е lz,t)= Sale tos (wt- kz +$) + ر‎ sin Cut -kzrph), 
Hz, t)= а ут cos (wt-kz +фу- a sin (Gi-Ákz4 4). 
Poy ndi ng vector, G-ExH- а, * cos (qt -lka*d)* sin (ut-Lar#)| 
=a, s » а Constant independent of t and 2. 


ФФ. (Ex R^ тез | gh). 

Р 7-13 From Gauss’ law: Е-д4. 252 › where $ ts the Irne 
Charge density ол the /nner Conductor. 3 

v. 


a. us = — 0 
% Бе; Boot = hz ln(4)—- Ёа, ТОР 


from: Am pret Cireuttal law, H= 9 zmr 
Poynting vector, P= Es H-a EaI 
fower transmitted ed Cross-sectional area: 
^-/[@.4+ E тю]. МА (=) rdr dp = МІ 
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27-14 Ё. x4) > A, 50 sin Clo% -P> (Vim). 
Lilse phasors with «— aine reference. 
£.Cxy» а, So 682 | 
2 t | _ 9 4 А | 25 от , 

Fer arr (medsum t): В ЕЕ Cr&dfm) 
= y= /207 (о) 

Far lossless Medium 2: Веча ~ LAS, =F (radh), 
(= sige АЙЛ 2407 cQ). 


£, 
- 417 = а С = ee ГА -IXB aa ا‎ 224 
Eg, 0-25) : H; (x) э], ^.^ Е,т а, 7,59 е =a, 24, - 
а) ع‎ o pahu „2—2! у. 
čo NF Xi rd 2 
2 50 PA 


ау зле Se E t) =a, 2 sin (10% + 2/5) (im) 
A, = He &)xE, —> H, (х £ =- sin (10% +2/3) (AM. 


5) Pat 
A 


220, ёл (то -4x/3) (Vim). 
f 


г 
с» £ = (СЕ. Ja, e , Е, C61) - а, 
= ax. — He OT 3, leg sin (frm) (Аб). 
2 = 2%, 


т 4 
27-15 og = хх хо 67 = 20% >>! . (бев conductor). 
a) Skin depth S= FRESE = 0.063 (m) = 6. 3 Cem -i 
f 
S.85 


e = (432 = = 3.96 C4 2) = 5, 65 e^ соу. 
== a Jere 
5) Kee o Di о (tot 75.95%) (Afm). 


Е (>) =) а, х Қау)--Еа,9-4,/68 & Teos (0% - E52 «2) (0%), 


с) „= fhe (Ex R") = a ق‎ e ios =a, 0.1786 ^ 7 (wisi) 
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Eio ЛАҢЫ a+, 
و‎ He or UW. 
Но Г W+ 


Р.7-17 Given Е. = E, Ca, =3 ау) م‎ 
a) Assume reflected Е) = (BE, ay Ery) е 
Boundary condition at 2=0: £;(0)+E (0) — 0. 
—— Ё (0)- E; l-3, + jay) OP” a left-hand circularly 
polarized wave in -2 direction. 


b) ах (B-A) =}. -a,x [RO Roo] X (Fo in БЕЯ) 


onducfor. 
а EG ESE еу po dua S E ын 
Н, (д) т; а, х E. (0) 7, (3а, + ay), H.(0) 7A а,)хЕ (0) т, (ja ay). 
H (0) = H,(0) + H co) =a Ga,+4,), 
J, = - a,x H (0) = Fit (а„-]а,у. 
<> Б =, [E.0 Баден 
= €. Е,[са„-уа,) ٥+ с-а, ара) 7] 
= Re. E, 25 (ах -Уау) sin pz] oF 
= 2L, Sin BZ (а. Sin wt - ay cas tat ). 


Р7-1% Ғоғ normal incidence : ПИШЕ 
1+ Г =< , where |Г|<Т. 
Tf 1 =|Г|: F< 0, and 4,-",-2ң,. 
asa ste "=з, |٣| = £. 


2 
5. = Se 3. — Sje 720 log 3 =9.54 (4B). 
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2 7-19 Ё(шу= ое? (vim), 
_ = - _/0 27268 
—* Hy) = ay 377 © (А). 
Та arr: Ё. = 6 = م.ج‎ W= bce — 0. х0 (4/5). 
In lossy medium: <;,= 2.25, tan 4-5--о3. 


| : eee: ae | 
Eg. (2-47): دہ‎ 5 JE = (жуа, (қы). 
Eg. (7-4%): | «не [. * КЕ) = 9.10 (rad f/m), 
£g (9-49: rE (j e) = FE (0+ 98) озчу 
P = Boh - 9.203 TT 
natr, 


= 4+ Г=о. £05 +50.072 = Фоке?“ 
B xm T af (£ 159.9” 

a) E, d ете” Ита, CU. 
H, (2) = 7, С-а,)х Ё (=) = 


E 322 (-4,Х F208 е 33 4159.97") 

= - а; 0.0055 e$ (621153 т (А/м). 
E (a= а, (те) tft 2, Bos E 2 2 (и) 
Aide a, = a og 27/352 e ? (7792-575 


2 -A152 -10 Р 
= 255% е e ТОРЕ СА/м). 


Ь) ДД! 1+ 0-208 


{іл T-ozog = 1.53. xf 


ez 1X t (hes En xA) — 


т Ax mue 2х oe) а „0.127 Cw/m2. 


(227 FRE XH) =a, ZG є сорын 
5 а, 2 jaw T буйы 


$0 


B 7-20 ‘Given E, (x, 2) = a, 10 eJ» 12) (V/m). 
а) 6, kas --- k= pkg УК = 10 (Fad/m). 

^=эн/А- 29/10 = 0.629 (m); f- сИ m 478x140" (Hz); w= Le 3 xo! (radA), 
4) E, (x, 2:0 = ау fo: Cos(5.x Jolt — éx - 2) (V/m). 

RD үа, LI» a = -а, 06 2,08; 

- лык. ас» оз) ха, о а, 1.) nno 

H; (х,х; ;t)- = (-а ريه‎ + а, zer) cos (Зијо% -6х-82) (A/m). 
с) Cos Ө; = ani" 2, - (2). d, = 0.8 ---- Ө; =со:7'0.Ж =36.9° 
d) Е; о0) + E, (х, 0)=0 و‎ E, Сх, а)” “Gy toe TEE 

оз XE, (x,2) (aa: 0.6 -а, оз. } 

=-(„ + a,3by)e 566-91) | 

9 £,G,2) = E; (2) E, (м, 2) = ay to («2 e?" =24* 


=-а, $26 €?** Sin Sz (Pm 


H, (e, т) = ох) + Н.о) = ~ (8.7547 соз gr * arr Sin 2) e?6* (А), 


Р7-24 Snell& law of reflection: Ө 6; «307 
Snelle law of refraction: sin в, = Гё stn в, = 1 
0,7 19.47, Cos в, = 0,943. | 


7,-%,-377а), 3, - |28 = 307 


a) Г ES 22, C930; -N соз Os 
- „Сез 8; +20, со‹ @, 


ETS dese 9759. / 
b) From Еу. C7-14): Е, Сы 2) = “ут fio е E (x sing, +z cs). 


Bz uae, =, (x2;t)7 а кетке (Vin). 


= 7f (ға4/м), а 
From Еу. (7-/42)- Қ cx, z)= Са, Cos à pta sing) er! х%2,462 


--0,244. 


=> H, (х2;6)=0.06(- а,0.943- 2,0. 333 со; (ot -/.о5 x-2,962) 


m) 
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P 7-22 Ғға өз Prohlem Р. 9-21: 
ө, = ө; =30° > Ө, = 19. 47° 


7, - 377(2), Ч,- 261 сө). 
a) From £5. (7-158): Г, = Jacas Op T 7, cos Oe 


С cose + 7, Cos e 


= 251% 0.943 -32770866 o. 
Г, 251 ла 943-372 хо. 566 бз, 


From Eq. (7-160): 
= (1 +) cese: = 6.772, 


cos e, 


b) К; ее) = ay 0. 053 ePi sO; + Leora.) 


с 3x/o0* S (rad/m). 
бл дё 46, m Cred fn) 


К; оса) = 0.053 е2 075 та) САА). 


from Eg 2-150): 0 2)2 /9.9#(&аз-дә. 02 OD "Ar, 


Е, = t, Ero = 0.722% 19.9% = 15.42 (V/m). 
| 
| 


From Eqs. (7—-/54.) and С>-755); | 


Е; (42) TIS 42(8, о.я+з-дуаузз)е -2 0-95 +2. uz) 


-2С/.о05<-42.96%) 


E “ Ж 
7^ us, with a cosine. reference, 7 


E, (x25 £7 15.42 (8,0 9 43— 0.333) cos Cg L0 -2.96 2) СЬ) 


Hz, т)= 4.0.061 е 


Й, (х,2,;%)= ау 0.061 Cos(27/0*t -/.обж- 2.962) Wn) 


Р 7-24 Given f= =. and 9; = 60°. 
= 77 eM 1- бы 5-2 ЕЖЕН 27%, --2/9. 
from £s. (g~ 2/5 sing и 6. --7/2 , Cos 6,=J5/2 , Cos & 51/2. 


From Ёз. (7-140: Г. = a И ле. 


From Eg. (7-148): Т = Gane 


b) From Ед. С7-15%: Гү = yup E е574° 


jeg): 2 (2, /m) созе; 2 TIL 
From Eg CESTA WG Ee Cnm 716 


АЫ 1, det the phase shift of the reflected wave 
depends on the polarization of the incident wave. Thece 


Gre standing waves in the air and exponentially decay- 
ing ranam iea waves in the ionosphere. 


27=15 <5 kg hes =k; = w fot, P LULA О) 


Continuity conditions at 2-0 forall x bands reguire: 
Ах” (ыт „ЈА, є, 54,6; = B. 2.09210" @ 
э z P3735. : © 
Combining 0, p we Can solve for ©„„ and Ba, in terms 
of c › flo,*1,5, 4, and f. But, since 


A «« i ; 
we have رياه “يه‎ EAR 5 > =Ут}д„о, = 0.3974 (т 


а) ө = tan” В = tan?! ZOL х0 & s 26 х/07% trad) 
| іш 03974 оз» 
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21, сез 0: СА Б г 
p, сөз, +9 соз B; 7, oe ГА (4 +2.) -009«3 (1*3). 
= 21009930) _ Cos Ө,= Cos 0.03% f. 
0.0993 (1*5) * 377 cos 38° | 
= 0.0151 (3+3) = 00214 е?" 


% 
=] 
tt 


c 20 TZ 1. _ — ааа 
) log € * 3o. Z= Glog, E 56905 


P 7-26 a) Snell Jaw: 
Sin Oe 9: ка T 
Sin B; 


) = Sin” (CELIDE 
b) ату (sine) - 


= к= Sn d sino: 4 
"d 4, 8с Ac tan 6, = dee TTA = Jn- Sino; 
c) Nim Bb BD = Ас sin(6;-4)= сеге; (Sin 6; Cos 6,- Cos 6; sing) 


= d s/n6; [t- 72]. 
Р 7-27 


а) Sin 8, E .— Sin @, = sing; >/ т 
со; Ө, = (=) sin’ в. 


From Egs. C7141) and Cr-(42): 


£ tx, 2) = а, Бы e гд Ра, 

= Е, = -= 7% -JÅ x 
‚= n y a 2A. 
А Н, (к, 2) » (a, po, + a, E: singe? ew, 

where = | [& c; 

№. В, $79, = А €, 5/76;, 
= 4 Я 
«, № (= $010.-[ , 


У 2 VA Cos 6, Ғ 49 . L Е. А 
== - CP +t 
7,695 0; -37, ЕЛІПГЕ) rom kg (7748). 


b) (Ely = э Qa CE, Hee) = 0 


E, 
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2. 7-28 Given 9-6, — > бет, cos 6 0. 


а) From Eg. (7-146): (E447 Ei), 
b) From Eg. C7-/S9): CE Е) -2%,/ң, у 
c) E-(x,2;t) = ау Eg Cos w[t- ix зле, + 2 cos e;)], 
E(x,z3t) = ay2 Eco e “со; w(t ех Sing) 
= Дд y? Ё; € ^ cos w(t- Hx sine), 
where iiir cr (sino; -1 -0 when 978, 
А 7-29 а). Ө = Sin "fes, = sin?! 1/8] —6.38* 


5) e-20*»9. 54” Ө, =/2 TL Of, C050, =-32.971, 
P= SE, созо; - Cos 9, 
4 


—— „ 2i еі: 


JEn Coro; + ces Ө, т 
2 /<,, Cos 0; VU г 
с t, = “ 4. =f, мж. 30.99 
) ы УЕ €,, COS 0,4 Cos 6, #9 е feqe. 


4) The transmitted Wave іп ar Varies as e ”“,2; e AX 


where * T Al (Eset = 2E (20). 


Attenuation in a'r Жоғ each wavelength 


“201,475. = 159. (аву, 


Р 7-30 When the incident light First strikes the hypo- 
фелизе Surface, 6, 9,70, Т = x | 
2 Г] 


(e ee. 4 _. 


( Pas); 7: d [C3 +, у 


Total reflections occur inside the prism at 
both slanting surfaces because 


Ө; = 45° > Ө = Sin” (2) =зо*. 
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On exit frim the prism, т. = ae - 
(Cav) · 7, а " 4 72%, Е 
(fa), 7 T | о, t т") 


(&..), 4 _4 77, _ рар 
(A. 23 - dic ü ey. 5277 


P7-34 а) n, Sing, = n, Sín(90*- 6,) = n, COS 0, 
= ny ! —sin*6, =n iv 1-(n4/n)! = n'-nt 2 
Sin = nien = Vni-ni. Ст,» 1) 


b) М. А. = sin Ө. = [217 уда = 0.9861 
04 = Sin 70.9861 = 80.4° 


Р 7-32 
а) for perpendicular polarization and и, $ fh : 
/ 
Sino = Ji. 
= ! *@) 
Linder Condition of no reflection: 
cos o m fq ёз, = ا4‎ Н 
4 dac 5те, (1+ (4) 
= Sin 0,,.——> 6, * 6, -T/2. 
5) For parallel polarization and €, f: 
Sin ө 


“ҮЕ 
cos g = J1- sin = m, 


= Sin Oy ------- a + 8 ey = 7772. 
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Р.7-33 For two contiguous media with egaal 
permeahri ity and. permittivities €, and 6, we 
hawe from Ел. (27/20): 8,9 sin" V e fe, and 

{rom £g. <7-164): „= Lan Eafe, 


.’. Sind = Фа» б,, 


«€; 
y m 
0.5 $4.7" 
1 45° 
| 2 353 
[oc . 4 26.6 
Og | à 3 4 4 9 w Y 72 €t, 2 19.5 
10 17. <* 
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Chapter % 
Transmission Lines 


B 9-1 Substituting Egs. (8-17) and (9-73) in Eg. (8-43): 
д) ubi ал ада ы. 
b) Z,” 4. | = 4 [2 ج‎ w= ум. 
<) "T: "EE $E -- weaw. 
d) y= Тг 7 “а =u „ Nz for pact а. 


upo = 2 far partb. 


Р.2-2 Given: в =16ж10” (Sim), w = 0.02 (m), сіж2.6 «/0 и) 


Lossy dielectric slab: шец, €- 3, € = fo) Сх/м). 
f = к/о? СНз). 


а) д 2. E - f. (о/м). 
[. = д5. = 0.157 С(АН/т). 
с=с = 0.008 (S/n). 


LIE = 0.2/2 (nF/m). 


b) [tl we è 
І „ [06 ے‎ «/0% 
Y / г. 4.167 4/07. 


с) WL = 493.5 >А, WC 0.667 >>G. 
> “дей (rogi E) -2.129 «inr on, 


2, = [E [1+ i I "A 27.21*}0.13 (7). 
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А #-3 


а) For Two-wire transmission bine : 


O fe cok Ch) et Ei] na. 
2 = 21.27 — D=25.5 210° (м). 


5) Рок coaxial transmission fina: | 
/ 
2" зү ln (2)- 22. (8) = 75. 


besz — рез уук ro? (т), 


P3-4 From £3. (8-61): k= gfe Е : 
) А. R 
orm Ж ^ d 2 a = =. 
Fr £s (x 28) ал (2-29) ex ESAN 2 с. P 75 


from Jable g-/; Do zl zi E. 


For Copper af 1 (мї): 2, e | ELE — [intrat aus? orgao? 


-2.6/х/0% СП). 
2.61x (9795 / 4 4 з 
R= l- ag avg) -0.0£ (О). 
0.0y 
x = 


= f.o€6€ t /0? (Къу) 
7$ 
= 9,26 х/03 са) 


| (Suz. 
Р.8-5 До C8-38): 2,- Gc. 
Given Zo = 50470 CR) —Purel 


y real, 
M (27 0--- B = < = А (Distortionless line). 


Given: o = 9.01 CIB fm) =. ООО//5 (N/m). 
p= о. FT Crad fm) ; f= to" СН»). 


From Egs. (5-48), (8-49) qa E i. жы ‚ ж =/-©. 
eC МЕ» вас, 2,- [Е 

Ё -«2,- 40576 (04), L= £24. „одо (HHn): 
== %-2з (usi). c= de - po СЫ. 
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T | Ж „2 
PE 6 (Pav), = (В), = а. [ут] М2, 2 
wc Rp 5. D^. 
CR gt hi "+ о, «ху Ы 2,%2; 
2 (Р 
Jo maximize CA, , Set 20%), =0. 
А р E R: 2, , X, -X, 
and 24.4) о. оғ 2;=2,. 
| х. 
мы: : 
Max. GO), н 2 = Oh, 


: Max. powar-fransfer efficiency = 50%. 


Р 8-7 Vae Ve eco 


1а)= І; Зере va 


Ағ 2-0; Мо) М = vr 2208 I@)=1,=1) +1; - 506" V). 
— V,*~ £ (+22), V -zO-ILZ). 
a) Vi») = £V mn + £(v-L2z)e 
IG) =z (V 12, 9^- 3% (1 12,) * 
b) Мба) = И, cosh ух -1,2, sinh 21, 
1 @у= І, cosh yz -X sinh ys. 


2, 
229-8 a) Mar , - ЗІ 2 су. 
2 
4. 
(> RGV, 
аш .. 
WO AGI. 


b) М(2) = Vett + > ox 
1) = 1048 4 ре 


> 


, <“ -/RG. 


м EE 7 
Bo EE 
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We have Иса) = £(vw*1206^7, 2444-25) е 
түш M КУА А , 

1(:)= (= 41,74 E (&-1) 

where м L^ 


и 
= PINE / NT ME 
‹ 2,42, M, dne oF, Ry * i 


с) For an infinite line, R= Х, : 

% -dr 
R, thy е 
4) For а finite line of fength К terminated "my 

2, = R, R, +R fanh ug | 


| 8, + А, tanh «2 


R _ | 
У = 22495670 10) = 


P 8-9 Distortionless line: A, [Е = 50 (п), R= 0.5 (№), 


с 
А 
tan (a) = tan (25) - 0.0018. 
-- we = 0.0018, о 0018 = 46.2= Ё. 
- A 
L= je = 0.011 (H/m), C= a 7442 (F/m). 
Е - 2, = 0.010 (Np/m), фос = 5.55 (гай Ди). 


a) Viz) = №944 Ro Quz. 282 _ _$о_ 40/2 22572, (= 5 vm Vo 


жүл 9433 
Мов) = S.27 е 2% sin (gooomt- 5.552-0322) (V), 
І(2,0= 0.105 E° sin ($0001%-5,55.-0322) (A. 
Ы) At z= 5ОСт): V(50,t)= 3.20 Sin ($ооотЁ- 0432) (М), 
1 (50,t)= 0.064 sin (80001-04321) (А). 
с) (P D= Ф |у = £(G.20x0.064)=0.102 (үү). 
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) 


Р 8-10 а) For a. short-circuited line, set Z,20in£q.(G-79 
ѓо obtain: /- 22% 
УЛУ, = 2 Тарр YA = A ent + 
For L=A/4, АД=т/г,‚ 6/2 << 1. 
er 20V т 


= 1- му 1+ (1-4rAf) 
2,5 2073 елаудан PIT (1-4372) 
= 42 far. 


b) For an open-circuited line, set 2,» 2 п Ey. (8-78) 
to obtain: + 2224 
Zio” Z,cothye =Z; Lié 


UAA) -2 A. 
d = 7 j+e e?" x 1- (1-4/2) 
For & 2/4, Zio 01- e WA) esr = 2, 1+ (4-aA/2) 
= ZA. 


Тал BL = tan 490° = -4732, 
2.-2 2, %22, tan Bh . £0 (40+330) +j 5061732) 
427% Zo +321, tan pL $0+3(40+530)€1,732) 
= 26.3-39,87 (0). 


Р#-/2 Given: 2, = 2, coth Xt =25о050° (1), 


to 


2а 2, fan 24 =360(20° (1). 
а) 2,2,2, =300 [15° = 289.8- 377.6 (0). 
tanh УД = Za = 1.2 (25° = 0.983 +3627 -ТалҺ(«4>244). 


Ё = 4 (м), — «= 0.139 (№/т), 
А = 0.23$ (гоа/м). 


Rrjul | 
Lj › э Уз. 


—— Ағдш,-22,; G*jec- 2. 


5) 


e 
w = fe = 0.235 х3 хуо= 0705 x J0". (rad/m). 


We obtain: p-sgt(Q)  L=os2 (ант), 
С = 0.246 (mS), C* 12.4 (pF/m). 
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В 8-13 а) Since the fine is very short compared toa — 
wavelength, we. may use Еәз-(8-%) and (8-83), 
А att а | 
с = O 22x10" (gm): 2 
La I = кх 07" (НА) ج‎ = 7+5 a 


0 . 
LC 
fie -LC-—-t€,- 742 - 4,05. 
b) В MEA = MO VLC -0.42 Crad/m); |С-042х0.6-2162 


Ap Xu -R cot pL = - zer = -0 (4), 


x R, tan pe = QL£ = 19.2 (2), 


Р%-/4 for load impedance 
2, = А, +2, , 


a) 25-7 E | $- { | = Vet - 0s хі 4 
5341 |444) Үс 


5-4 у 
— x = |. e+ CY |. 
ES 4 – 5-4 ү 


5-74 


When S=3, ж-3) (10 r, - 3 5*-3)/5 з 


b) 5-2 and п = 160/55 = 2. 
— x, = tJ5/3. 
X,7»X2Z,7t946.3 (0). 
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PE-15 For a lossless line ‚ =®%. 
eft = | Lurik | саолу 
| CA, *Ro)+ ух, (A+ Ro)" X? 


2 FTE 
а) Sef Дыш = Ro T JR XC : 


A minimum S§ Corresponds fo. a minimum I. 


Fer 2, = 404330 C02, Ro = /40* 30 = 50(9). 
— - $ ҒА 
5) Min. [Г gi rer " тор oe 


- 


Min. 5 aix 


“ 
% 
4 


2 


P.€-'6 Lossless fine of Chara cteriske resistence Ri, 
length L and terminating in Z: (Fom £9.3-79) 
ма s 2. +7 Е г 2 
2; =А, Amt ? f Тал RA 


nt Zi -7 А 
— = o . 
2, Ах 

Now set 2; -50<л) and 2,-49-279 (CMD. 


o4j/o-p/ 60-2006. 
2972 Ro Ry - J sot 


тж { OR, + Soot = SOR, 
- /o © -2000t = (R yt. 
Solving: R; = 38.7 (а), 
anel t= tan BA = 0.175. 
—— /'=д, 105. 
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Ririk; те А. tike tan pt 
| Ro *7R, Lan ВА 
Let r = Re > ‚= Xe б, | ; 
c я *; 2, 2 TER? ancl t =tan ВА. 
P Р, - 
24> 


| zt 96 
f tynt 
—] LO +в) = r, 
t (1-7) = х. 
Solving, we ofta/n: 


1 
== zzic e xs (+ q+ xp ar |} ° 


£ = т 1 x] страз}. 
At d tent. 
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Р%-% а) Нан m LETT. 


Te Frad Op + write Eq. CF-72) as 


Ү‹®2= F(Z, +R) Е + г e] 
= b (z 4A) е? + re? 28271 


3G 2) eCe t] gu бауы 
Vo (tage. /х minimam when $ = + 17 ; 
ог when op =2 (22 


| E). 0.3A.- ү «027. 
i qe d dad = 9.2704 10.196. 


b) = 2, ( 


(PY. 1.2 To + 30-196. 
Im) 309 5 730 ве) 
= 466+7206 (оп). 


6$ 


ВЖ-/4 Given: М, = 01/0* (у), 2,-2,- соса), 


А,=25 (2) - 0.52. Lad. 


КЕГЕ 
a) L7 Rig ^ a 


From. Frig. 5—5, 2. 
Уи, Lu 


Where dpa £y. н 
0.5 Zo t å Za faa ВА =Z, 1 + 3 205. BL 


7—1 2729.52, ГУ? 2+ 2 tan Bh | 


" {+ 1211-44 ar (22.6 
өзе MT 30226. Ae) % rea Е, Су). 
m 2-4 kc a m 244340 24 
1:7 وچ‎ (+; tan Вр) 9 $ ( Е) (mA). 
for L->, f -5532 =, Can pl =1. 


ка: Е ^0.$47/ю®4° (ү) 


= -2. ( Е 7 = /. 254 [-1%.4° (мА). 


a is Connected fo the line, a voltage. wave of 


Е. 


ап ен. 222% и travels foward the load 0). 
ibd. with an amplitude. y'= 55 rope whch 
Causes a retlected wave with an amplitude Мг 

The reflected wave travels back toward the generator and 
[5 not reflected there because Zg= Zo, and Гұ-О 


< Mo 255 Ант) = she A ro 95375455. См), 
Similarly; I, = 2%, € (i-r y= -£ е5 = 1.333L45° (мА). 
ge Е ВВ 
DE M M up. 


с) (4,2, = Re (Ч и) =£ (35) ($x 107) =2.22 «10 Сам) = 0.022 (mw) 


LF К, = Z- 50 (49, Г -0. (Pay), = 


Vs . 
Fz," 0.025 (mw). 
(mete hed Е 
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Рғ-20 


f = 2x10 (Hs), жа2-ч456т). 


а) Open-circuited line, 0 =1 Cn), L/r= 0.667. 


5) 


&) 


Smith chart: Start from P, on the extreme right, rotate 
Clockwise one complete revolution (az= А) and | 
Continue on for an additional 0.167% Jo 0.417. оп 


the "wavelength taward generador “scale. Read 

X = - 30.575. ——e 7; = 75 × (-2 0.575) «43.1 (0). 
Draw a straight lina from the (0 - 30.975) point through 
the canter and intersect af (0*3174) on the opposite 

Side of the chart. ——> Y, = xt x (11.74) = 0.0132 ($). 
Short- circuited line, Lea 0.9 (m), A/A = 0.533. 

Start trom the extrame- laft point Р. , rotate clockwise 
one complete revolution and continue on for an additional 
0.033 А to read x-jo21—. 2,"75»;421-)/5.: (A). 
Draw а straight line {rom the (0+30.21) point through 
the center and intersect at (0-2 4.75) on the. opposita 
Sida of the char* —> У; = 4 


25 ^C3475) =-70.063 ($). 


= у (104410) 2062302. 
а) 1. Locate 2,=0.6 *j0.2 on 
Smith chart (Point P,). 
2. Wrth center of О draw a fri- 
Circle fheough P, s intersecting 
ор. af 1.77. — $ = 1.77. 


177-41. „2/45° 7186" 
г ык anm = 0. 
г 17781 e 27. 


C) 1. Draw line ОР, intersecting the periphery af р’ 


Read 0.046 on “wavelengths toward generator "scole, 
2. Move clockwise by 0./04Х fo 0.147 (Point Р’). 


3. Join O and Р”, intersecting the Iri-cirele at Р. 
4. Read 2;=14 50.59 at Р. 


Z, = 501; = 50+229.5 СП). 
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d) Extend line BRO fo P. Read Y. = 0.75 -3 0.43, 
Y d У, = 0.0/5 - 30.009 (5) 
e) There is no voltage minimum on theline, but < V; А 
Ё8-22 z, = (30-710) =0.6-jo.2 
а) locate 1, = 9.6-59.2 on Smith 
Chart (Point P). МИЛЬ 
center а#0 draw a [IL crrcle 
Jhrough P , Inlarraching line 
OR, at 477. — 5 =/.77. 
b) Г=о.эзе?!'4° 
e) f. Draw Jine ор, intersecting the pariphary at Pp’ 
Read 0.454 on “wavelengths toward generator” 
Scale. 


2.Move clockwise by 0.101 м to 0.055 (Point D), 
3.Join O and р” а intersecting the [rf-circle at р. 
4. Read 2;,90.6/*5 0.23 at p : 
Z;,750z;- 30.54 1 (1.5 (П). 
d) Extend line RAO lo^. Read y, =142 -jes4. 
; | 
YT Fo Ж” 99214 -30.0408 (S). 
4) There /s а voltage minimum at 27. 0.046. 
Р8-23 ^/2 «26, А 50 (ст). 
First voltaga ГРИ ети ет occurs at 2/- i2 = 0.1 ^ 


9) f. Start from Р. and rotate 
Counterclockwise 0.10 ^ 
toward the load fo Р”. 

2. Draw the [r]-circle, intersect- 
ing line ор, et 2 ($22). 

З. Join ор’, intersecting the Irt 
circle af P. 
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Poe 


4. Read 2 =0.675-70.475. 
— 2,750227 33.75-323.75 (0), 


2-7 $ 4 „22$2.$* 
b) Г 2+7 erate x 


e) If 2,= 0, the first voltage minimum Would be at 
Z^ -A/2 = 25 (ст) from the Short-€/ peut. 


P$-24 f = 2x10" (Hz), 


Characteristic Impedance of guacrter- wire twvo-wi're 


transmission (rne, 2, -У 73x300 -/48 (2). 
For a lossless air line , fram figs. (5-23 ) and (6-24), 
FE А «(2 
z = (= 2 wl? cosh“ (5). 
7D 


Given 2 = 2 (tm) بی‎ a(wire radius) = О. 54 (ст), 


728-25 а= (25 +325)/0 = 0.6 «70.5, xc dus 


(000 paun , | a) See construction. 
Р, А (ares) o 
Pot 2,-0.6 «0.6. 
А: Х-/-И-у,-4-0. 
в, В: Уыт 1 +31. 
| — «д —0./£2*(0.9-033g)2- 
-0.3242.. 
В: 5,-2/---д-(0.25 0.129). 
р = 0.375 л.. 
Б” [1 
Rm (ane) Ри: бы<-24-->2 = (0.375 - 0.25). 
= QATA, 
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2 6 26 For 207 ш) > 1-5 2, , | Compared fo 
Y 7 FE Y 7 0.667 Ү,. Problem P 9-25 


The dc a d normalized stub admittances are 


ba Ay = zig = = 21.6, 
The Jocations of points Р" and B are now diSferent 
We have: 2,= 0.406 X and 4;-0.094^. 
There. ace no changes in the lacotions af- the stubs: 
d= d,= O, end d= 9, = 0.324. 


Р 8-27 Given: R, 75 (о) , 5-2,4. 
ыт AE 0-335 (т) and 1.235 (т) from load 
—= ^=2х(1235-0.335) = 1 FO(m)- 
Р, (0.160) Eiest Yi, at Ф325 о/а 
Fron a: 

Use a Smith chart. 

/. Draw a centered circle (dasbed) 
through $ =2.4 point. 

2. Locate point Р for 2, from Vmin (point 
оп extreme left) 0.186% (clockwise) 
toward the load z= 1.39 - 26.96. 

a) 7 1 79 2. = 104.3 - $22.5 (Я). 
3. Locate the diametrically opposite 
Е 2 to {incl У, = = 0,48+ 50.34 
Read 0.0€4 X. at pant Р A 
4. Цзе the Smith chart аҳ ap admittance chart and ры 
the. intersection of the |ГІ-сіге(е with the g=4 circle 
at 4: Уұ- 143092. Read 0.160 at D. 


b) Mem of stub od =O, HEN ооо OF6EX = 0./73 (m), 


Short- circuited stub length to give L^ z-0.92,: l= 0.3823. -0,252— 
= 0. 432A =0.23¢ (m), 


“9 
e 
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Р 9-28 Lise. Smith Chart as an impedance chart. 


Same construction as that in Problem Р. &-25, except point 
Poe would be af the extreme left (marked by a x) and 
the 9={ circle becomes a ^-/ Circle. 


B: Z-(2s545215)50- 0.64305. 


7 wo possi ble soluhons: 


Af В: Za" /% и, 
> d, = (0.162 A- 0.075) = 9974 №.. 
АВ: Z-f-jí. 


---- d, = (0.33 -0.085A) = 0.2505, 


Te achieve a match wrth e. series stub Hew ing 
/. 3S | 


To №, , We need ahormalized stuf reactance. 


-j 3S = -71.43 fer solatin corresponding to В. From 


Smith chart we tend the régutred stub length 
4,7 0.347, 


Sy tS ly tor sclettion corresponding to А, a stub length 


with a normalized reactance + 7 43 is needed, which 
ceguires a stuf. length Ё, = О753.., 
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Chapter 9 
Waveguides and Resonators 


Р4-4 We use Еу». (9-34) and (9-39 Lor м and Z 


respectively. For arr, ү =Q, = 12071 (39 = 377 CO). 


a) The normalized wave 
impedances are Plotted 


as shown. 


Normalized wave impedance 


At For, (2 =at, 
m 06.407917 157 (0), 
Z7 shy = 904 са). 


At f-2.2f ‚ VIGI =Y Ў = 0.597. 


Жм” 0.59 13,= 3360), >= =H = 423 (0). 


£ 9-2 From Еә.(9-38), B-kJt- dy 1 TE. 


(u,/u) gees ITE. 
P В И СЕР? 


{ а) "utpat и /1- GY 
САРА 


5 1%) Which indicates that the 


graph of (ug) Plotted versus 
Gg) és a unit circle. 
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_ Tu 1 A 


77 NER ET NE 
fo JI-F УТС 


ae | | 
(52) = CE, 7p* 
چ‎ ) СЕРЕ)? 
(=) “ G/RY -1 
Graph shown on the feft. 
c) At 7/4 = 1.25, 
6725) Ug {чс = 0.60, Agh =1.67, 
Up Jum 7.67. 


i 
І 
! 
Л 
| 
э елнын E 


Р 97-3: For ТЕ wayes between (mra tte parallel- plate. 
waveguide n Fra. 7-3, we solve :+he Following 
equation fer Hy): 2 
wrth H; (у, 2) = Hey) Ж? же Condi вр to 
Бе satisfied at the condu ching Plates mre: 

dry) 

абы сыў y 79 and у=.‏ س 
a) Pr roper sofern: Hz (Y) = В, con CE)‏ 
from fe. (7-26): f=‏ )5 


= тт, 1552,37 
2/ие ” = =" 

Fram ТЕ, mode, n=l, (Ж Je, = i. 

e) Instantaneous field expressis for 7E, mode: 


К„Су,®;®) = Ê, cos (FX) cos (utz, Ё = = wipe | J- (49. 
К/О, z+) = PPB, sin (BY) sin (wt- Az): 
E, tzit- SPP р, sin (1%) sin (at - B, 2), 
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79-4 Dis (а) and СЬ2 х/т (ог. о Problem P. 9-2 
a) Phase expressions for field components of TE modes: 


H, Сух) = 8, соз AR SX 


- ufa 0), 


Hy(y. 2) = 2 6, E 
Ё, (y 2) = geet 2, sin CE e?" 


b) from £3. (9-26): Жа" PE 


c) Surface current densities ; 7, = x Н, : 


Ол lower plate: тіз ayx d(0)- a, 8 e 
On upper plate: = ~ × НСБ) = а„ CU ЕЯ eet 


7, for n odd, 
-Jsa for n even, 


29-5 a) Agr 2x2.65 = 5.30 Cem). 


For ГЕ mode; f= 5a = gis = &x/o! (Hz), 


MC 20.-2х0.025 = 0.05 Ст). 
From Eos. (9-30) and (9-31): (5 y= f? -K* 


— JE "e ск пав 


8.25 C&Hz). 
=з. l oire le through 5=2 peint. 
Shi ing V. foward load by 2 500 61^, 
places: point Р. feo py the load (65-46), 
=0.397 Ag dua d fb e generator, 


Read 2, = 099 +4971, 


JE cd tr n 
2,7 (-Gelgy Jas 54449 
— Z,= {0.99 459,71) "544 ~ $44 «3340 C2). 


<) 10(1- =) = 3.84 (wW). 


b) Use Smith chart. Draw 
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24-6 


fu mode го ойг Ёё (led ба саай ав 


m E; Сх, у) = = Ё, Б sin (25 £) sin (зр 
Setting 6-0 mn Egs. (9- 412 through (2-/4): 
Ny) = 2 эй. oe т.е, #»[Ж®)соз (TZ), 


д>. ay 
H? onis EH де, cos (22) Stn (92), 
EL» - Е. Bes cos FEE) sin (30). 
ыы 33 -- BPE, stn (ТЕ) ces (Т), 


where = (2)*+ т 2, f J Qs - TR АЕ 


ло z- cr ere peur by the factor € “frit 

b) From Е £7. (9-26), бы, зке aT a 
دل‎ HEC ГУЦ 

fe) тм, д. + “аза 


a= 22. 
37 Pa VIRAN FF = WEE 


Р9-7 Rectangular waveguide: а =7,21 (ст), b =3.40 (ст). 
£g. (9-69): C 


2 
А.)„„= سکم‎ ٠ 
V (S0 
Modes with the shortest A. < 5 (cm) are: 


[Mede те, | те, | те, [тыйм] 


ECAA 


а) For A = 10 (cm), the only propagating mode is TÉ, 


b) Рог Ал 5 (ст), the propagating modes are: 
T£, 75%, ТЕ, ТЕ, and TMg- 


75 


Р4-% 


,.- С) (5 Р) 
а) a=2b, Е(т.л)= { көне b) asb, ОУ рагу 


т. ТЕ, 


| 
| 
7Е,,7Е,| 2 | ТЕ,,, ТМ, | V2 
7Е,,ТМ, i 1 TE os TEzo é 
ТЕ,, 2 | TM, v5 
TMa | A Ч TM, 2/3 
тм | У% | 
А 9-9 fm 3x 10" (Нк), х=</у 0.1 (m). 
Let ат КЬ, /«Kk«2, £259 = зме" т? ken. 


а) G= ее! for the dominant TE mada 


For р> 1.2 (3) 2 920.06 (m). 
The next higher-order mode is TE, with Gyn E 
For f< 0.8 Сф): b< 0.04 Gm). 
We choose a= 6.5 (cm) and b = 3.5 (ст). 
b a = e 4.70 x 10° (m/s) , 
БЫ Бест іі | 
А zm Q.f 245.7 (ст), 
p= dA m 40.4 (rad/m); 


(== TE MEAN 
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Pp - 7-10 /0 Given: a22.5x/0? (m), b -4.521073 (m), f 275x108). 
а) ха $c no o4 (т). 


£ DIETO 20.60, 
Ag Х/Б = 0.0667 (m) = 6.67 Cem), 
^ -27/A, ж 94.2 (rad/m), 
= = c/f = $ x fof (m/s), 
ее. Е = f x10? (m/s), 
rela" Я, ИЕ = 2001 = 624 (0). 
b) х= P “л” = 0.0283 (т), 
Е =./1- (Да =0.@2©, 
№ - AVE = 0.0343 (т) = 3.43 (сту, 
ё = 2т/>, = 193.2 (rad/m), | 


ы 77; ЫЗ 57108 (m/s), 
оз uff. 75 x (05 (m/s), 


(uo Fie =323 (2). 


£ р. 4-11 11 Part (а) has been done in. problem P 9-6, part (а) 


Б) Use Eg. (7-79) to tind the average Power transmitted 
along the Wei suele. 


Pa EL [e ^ -E He | dx dy 
m we pu ға _ 
8 | (=- (22] 
Р9-/2. a) E (x. y,2:0 =E sin (toomx)sin (00 ту) Cos (2m 10% ~p2) 
а КЕЛ 


Mode of operation: TM, . w = 278 = 277 10° Crad/s), 
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5) - (р: = zy (© m iie (ss) * Gu 
8.4 g xio’ (Hz). 
ЖАСЫ ТЕСЛА 


£g, (3-34): (2,4) = 7, VT- mp 01-E 


= 327*0.53 ~ 200 (CQ). 


Асе - it р, 0.565 Cm) = 5.66 (cm) 
I Vr-0/g 70% х0. <:3 ° | 


р 9- /3 ТЕ mode in 0.025 (m)X 0.025 (m) air- fr (led souare 


Waveguide: 
a xy z;t- T; cos (Bx) cos (AZ cos (ut -Рг) 
= 0.3 cos (Боту) cos (Wt -2ғ02). 


n 
=) ЭУ = 807 = ag n-2; m=O. 


— T £,, mode. 


b) From ko. (7-65): 
СНС 


€ 
> 
From £s. (9-38): A-T/I- GS ~ 2X Fw 


f= (Ее (= у=? ( 22022410, ) * (fa жо = /. Y fo" (Ha ) 


= IF (Gk), 
ҚАНЫҢ 


he ЛУ” утны "59 0), 
= NGAY = cJ ESTAF = 2-24 X (0 (т) =2.14 (сеў. 


р. = Е doe dy = MEME (ах 2 x) dye 
Ato H =: ' 
- былш (4) 280 Cw). 
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Б 9-14 Substituting Eg. (9-97) in ‚у. 9-24): 
> Y 77 [epe (1-522) - - | 
= jecit jane (pee =" р 
MICI FES (use) 
From Бу. (9-28), әуесі = а TENY. 
Hence, | 


Y = “+2, 
with = 91 ғ. ас 9271-27 
| "d ИР PETITS 


b) 
At F= riot CHa), ТЕ, 5s the ool propagating 


` moda which has a сеток Treguensy оғ 


~~ _ eK. _ экИ 
я 22а: ® 2a ~ axQoo2as* = Зх"). 
Thus, am УИ = 0.0085 (Np/m)= 0 074 ав) 


29-15 су), СУ ЧУ 
a) €£), MISES т жы айлык © (GHz). 


Next higher mode: 
GT XE Сен) 


h= (6) .7 . Сенг) 


‹ f, £ | (GHz) 


0.85902 0%6х)2 O.GSAE 


Usable bandwidth is 
From LIS x € = 6.9 (GHz) to: 10.2 70. 3, «и (GHz) 
Permissible bandwidth: 3-344) 3.3(GHD no SF 


b) From Ёд. (9-101): Ry = Gat (- £2) =2/.34(2). 


— о 2 -0.2€a , and 10.7 (VO for b =0.50a. 
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P 9-16 From £9. (4- -/03): Б = Гу (у (BF. 


A = 008(т), b=0,06(m), d =0.05(m), 
Жат 15x10 F (mnf), Fm, np) = 100/ с #)+ KEPE 


Erght lowest-order modes and their resonant freguenc/es: 


ur our] 


Р.9-(7 a) Since d >о.>Ь, the lowest-order resonant 
mode rs TE 


foi mode. 


Ji^ 3J 2112 L = 4.502x10"C Hz) 


= 4.992. (GHz). 
b) From £g. ( 9-120): 


тр Eo abd (ated) l  _ Ihe P \ 
Qio” 9, 2 b (23+ d?) + ad (a^ + 4*)] (0,5 sels 4 
„ Мн Ает араа? 4 d*) 
2b Cod tad (a+ d’) 
= 6564. 
From: Eqs. (3- 114) and (9-115: 


We. = ез bd К, >=00773x10 “сууз 0.0773 (93), 
W, = gabd (4: 41) н} = 0.0773 (I= We. 


50 


P 9-15 =,=2.5. | 
act ШІ di rr. o> 
a) foi 2. a+ Gi = €, (52,7 3:927 Сен»). 


aat E 
b) Qu^ (e, yl Crone ні 5, 462. 


€ W, = (Wee = 0.0773 (рт) = WA. 
| Uu 
Bv ое quse 
а) Q,-3r —- Fy телега 776,509: 


79, 500 (2) = /a1tr 3x fo* (416) зу x t07) 
———* a= 0.0289 (m) - 2.99 (cm). 

b) Жы - = = 7.34 (Guz). 

c) For copper, c- 5.305197 (S/m),. 


бы * J TET 
= 6500] $39 = 12,443. 


Р 9-20 @ = VT fitter Abd (а?+ а?) . 
| 40 26 a3 + <3)+ adlad 
€) For a-d=1.2b - 0:036 fm), Ь-о.о2 (һу. 


22 егі БҮКТІ 
f [hi = 1.174хіо (2) = 5 sq x10 (Ha) 


Q7 4023/85 = 11,048. 


b) For Q= 1.209 — 87-/201Ь-)44х0.ө2. 
= 0.02 89 (ry = 2.$$ (cm). 
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Chapter 10 
Antennas and Antenna Arrays 


Р. 10-1 From Egs. (10-12) and (10-14): 
G, (6, бе к 


ғ 


Maximum 6, at fL, occur at ө=п/4,. 


ИИ Er 
Jou” чт T xw 
D 
= ВР $^ Dats, PO ok (expo сми) 


77-7 £57 0.0972 (м/м) = 97.2 (mV/m). 
H, = EA = 0.259 (mA/m). 
e 


Р 70-2 a) р= Umax . U 50. 


av так” 
{ | 
Uu, aa Ju 4n 
7'/2. 
taf Eine cos d)sino de dg 


-7ғ/2. 
= 2.65 (wise): 


2.65 . р or 12.75 (<В) 
р, 
Ь) Uar” 471 М 
P, = Ат Ча, = 42тх2.65-33.3 
{ 
“3 2/2, 
------- وزو‎ = 2P, 3.2 Г 
R, = уз = REPRE 6.7 (а), 


g2 


2190-3 3 Eg uation of Continuity : 7.7 =-jzwf 


| dlI(z) 
—— p= ے‎ 90 


a) 7<20 -T Cos a ----?; 


R 
= ЭЖ ے‎ 
£ Ec 27r, 
—* Wavelength A — 1. 


. 21 
(-3-—— Sor 2>0 
b) Т(х) = _4 == е 17 : 
) Iz)-1(1 XD f, +j 222 for 2<0, 


Р 10-4. А = A440" = 300 Cm), = 3i - d; << (Hertzian dipole} 
a) Radiation resistance, R, = gor? (LEF = 4.97 (2). 
b) Ед. (10-30): 2,-/Л = | TIOATA ә, eiee 


Eg.(10-29): Ry = №, (эта) oos (2) — 9,7 ET 79652. 
с) Ед. (10-24): p, = 290 


E ДА іш Е = pq "МН, 
£g. (10-10): led; ma, (234) P | мг 2508. ( ) 


Е 10-5 2 /тҰ% n [Tt CIoY (972 с ot e to (MD 
47 1.57 х (о? 

| у Ld 

A= -- а= 3240 ж.) (т). 


Dipole length = 1.5 ©ту -> $ dipole 
—~- 2, = 73. no 


Power lost, Ё = А T + (2, Us 
-AD в o.sgs (£). 
p= (Bas = 73-1 (E) 


ШЕ. а 0357 М 
азы PtP, = 931-0398 “9.992, or 992%. 
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210-6 а) p = Лида ef (1 - Bl) 42ن‎ gs 


-; н Н (Respects 


2. EDT. 
( mee Fc), 


р. Я аа 2h, spa 
-h (RA, A- xz cose e 7, (ата * Fen, 


| (ө) = sinels- -соз(ДАсосд)] | 
<05* 9 
In case А^<<1. соз (ph cos) = 1-2 3; (fh cose)’, and 
Бө) = £¢ юч ө. 
7 rn ECL Ah sino) 130 €^ sine, 
н = El eM (4 ph sing) = d e? sing. 
ar 
ЕТИ Hg Reino dodg = Je [вот ($), 


2/2) zon’ (PY. 
с) 
ore ие +S — Ihn potra 


3x10 
f =/¥0x10*(Hz) — X = гз arein 766 7 (m), 


h= 40 (ту<<А. ر‎ with Friangalir current distribution . 


_ 308h Зох2 о 
IE lax E 1, ^ PTE * 100 = 2.13 (mV/m), 


wx 1 " 73 - 
ны эү euam “зуу -75/х40 ee 


6) 


Р 10-7 


b) P= 7 tet 2mf'sine de = BE (gh, x) ME t 
- зе F Fh (F)= ге 2; 2 |402 “(5) | 

RR жот Ges) = 1,036. E 1.14 (kw). 

c) 2.7 20/1? = 0.227 (0). 


#4 


P 10-9 a) E- plane pattern Function for Hertzian 
dipole is, from Eg. (10-10), 
F(0) = sing. 
Max. Е. (6) = at в - 90 | 
Half- power points at Е. (8) = (8) = zF: 
= 0, = 45° 6,-/367 
i Beamwicdth 46= 0,- Ө, = 90° 


b) Е-р/але pattern function for half-wave dipole- 
is, from Eg. (10-31), 


Б,(ө)= <9*Кт/Әсогө]_. 


Sin 
Max. б Сө) = { at 6-970. 
Half- power points at (CS) =f, (@)= : 
—— Beamwidth 40°= 6/-60/-/297-5/%- 78° 


Р. 10-10 Use Eg. (10-37): 


Fe) = cos (fh cos )- соғ ВА | 


Sing 


For 26 =1.25^., 


cos (1257 cos8) - cos [1.25 1) 
TORI 5400 
Width of main beam between 
the first nulls 
= 2 x 63./3% «/06.26% 


£5 


Pfo-tt Use Eg. (/0- fo) for Hertzian dipoles. 


„= E (0) 4 Е, (е) 
ÄRGE e, م‎ sino ( 


A р; 


et eh 5) ; 


La the Far zone, R= A- dcos Ө. 


г a) Е, = 2200 B sine Ре 
Ls (1+ еэй4 cose ) 
| | = ; So th aA eI Ier), 


where Fle) =Sing cos (84 coso). 


b) 4=^/2, 


O) |за e cos(Zcos@) |. 


с) 4=>., 


0] = [sine ces(m cos 0) | : 
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P 10-12 Foran array of identical elem ents spaced a 
cli'stance d apart , we have, from £g. (70-54), 
£ 
|51 = 22 (есе, p| ces | › 


where b = fd s/n cos gp +8. 
In the H-plane of a dipofe : Ө = TA, F(X,4)-f. 
a) d- F> -F b) d=- 3^, #- 2. 
|44| = [<o | les с]. | [АСФ = со (соғ +2) , 


tuer" 
| A | 
| 
| 


(МӘ 
F 
P./0-13 Frve-element broadside binomial array. 
a) Relative excitation amplitudes: 1:4:6:4:1. 
b) Array factor: /А<%) =| cos(Zcos)|* 

С) cos(Fcos $) = (ву'^ 
— $ = 74.296" 
Half - power beamwidth 
== 2 (90°- 74 96°) 


ГА TA = 30.28" 
| for uniform array, trom 5. 11-83): 


NA sin (cas) 1 ‚ . 
| [Жей =J Ф"790 


Half -power beamwidth for 5- element uniform array 
with 4 spacing = 2(90*- 29.6/*) «20,787 
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Р 10-14 The normalized array factor of the Live- 
е/еллееі tapered array is 


[Aap = 4 | ( + 2074.3 ед ر‎ еЗ 224% | 
- | ع‎ [3 + 2 (e? ۾‎ в) 4 (ед2. =72*)] | 
= а |3 +4 Cos <| + 2 cos 2Y |. 


А graph of اد۸‎ vs. 1 (з shown below on the left. 
ا۱‎ 


| nsa 


For broadside operation: €=0, y^ = pd cas ф = тсоз $. 
|4<%)) = 4 |? + 4 Cos(7r cos $) +2 Cos(2?r cos Ф|: 
This és plotted above. on the tight. The fires? sidelobe level 
fs Off, or 2olog (7/8 11) = 19.2 (ЗР) dawn from the main-beam 
radiation. This Compares with 0.25, or 12 CIB) down far the 
Frve.- element uniform broadside array shown th Fig, 10-979. 
Р 10-76 From Есу. (10-39) and (10-60): 
| 2601,ММ, -; GE AC. “у 
| ЗЕ | of e M | os (cose) А, ($. АУ ) | 
where A Of) = SA ELA) 


dc | 
N, Sin Е) = Êk sing cosh; 


ad іғ(му,/2) = ds с; 
Ay, М, sin (Жу ' y, Ёё sing созф. 


= UL | [cos(Z созе) sin (2%) sin (К) | 
|Р0ө,ф)| A [60 ысы. ESNEA 


$8 


| Ж” 
В 10-16 Жиен | Liz) dz. 
-А 


а.) Hertzian dipole of length de. 
I= 200), һ- Хал, 
cos pr dun dk. | 


sings) = pst 


5) Half~wave dipole with h-2A/4 n се) = и 
ràta 


Ka Pi cos pz dew 2 д (е) "E Сі, 


с) Half-wave dipole with А=л® 4 Ку Lo -Z(0)1-40x|) 
м4 2/4 uc 
La Je C17 411/0 dz = 2f (4-4:/042- № 


P10-17 х---. 3x10 


Half- wave dipo le with sinuscstdal current clis tribubon 


LCz) = 1 (0) го BCH -\з\) چم‎ = 1 
= (0) Cos fz. 
From Eg. (fo- #5) and problem P 10-16 СЬ), £,= 25. 
From Eg. (10-35), we. have, for 0 = 7/2, 
LOD oh о 
[ЕД = 4o Q. = £100). 


Р = T (0) R, ج‎ I(0)- [25 SB E 740(А) 


|| = -52*7-#%— 2.96 (V/m), 

а) |v-1&z|-296x + = 0.942 (у) 
b) For тынды load, 

Ж 


ге = -2-941 = /,<дх/о (w)-/.52 (WD. 
= 


#9 


0- | _ ео). р = DA" 
Ё 10-18 Ég. (10 ғо): р danny an 


| | | е 
Ғ-/сосю, Б = 2х to? (w), A= F = О = Him) 
а) Parallel. half-wave dipoles: р=2,=1.64. | 
a 66 1.6 » - 
ғ EET LEE x 2x fo = {£ S14 хо (Ww) 
= J. S14 (mw). 
b)Paratlel Hertzian dipoles: D; = D, = 1.50. 


„$ 2 
Р, = 1.544% (FEF) =/.2&7 (mw). 


Р 10-19 From Egs. (10-42) and (10-14): 


- {HUN _ AHR Par | 
Е P, © 
Using £gs. (10-40) and (10-44) in (n: 
0) = со5 (1 cosa) ^ 
быс 2- 164 | Sin 0 | Ө) 


&) Substituting Ө ín £g. (10-75): 


_ 2 a | соз (F casg) |2 


b) Max. value of А,(ө) for £= 10* (Hz), »=$-=3(m) 
occurs at Ө- 22. Д.Ф3-о./3>5-7.17 (м. 


с) Max. value of A0) for f = 2x 10° Hg), = $.5 (оя); 
А, -о/3х/54-0.2% Сыз), 
ubich és smaller thean Ael) tor f= го (Кр). 
because the wavelength is shorter at f =2x10 (Hz) 
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Р 10-0 Antenna gain: 10 log, Go= 29 (dB) 
E — а, = 100. 


Ж = 3х10%<Ң4) — a n = FG 0.1 On, 


а) Power dens tty at target, fr x 9. 
Et 110x /0 x foo 

= p 2 

s 27, (вк т) 7010741 «УЛО, 


— E,-/0.0149x1«377 = 3.35 (V/m). 
b) Power intercepted by target = 4,,% = 15x 0.0149 20.224 (w) 


©) Scattered power density at radar antenna 
- 244%, 0-224 -% 
Js= aar mena 275*10 (М) 


Reflected power absorbed by antenna = ФА 


е 
- 1. p 1 | = 
= 2.7810 " (35 G,)= 2.79% Jo (24x 100)=22.4 +10 ШТ, 
| -22.1 (pw). 
Р 10-21 Earth radius = 6,320 (km). 
Altitude of geosynchronous satellites - 36,5000 ken) 
Geos ynchrous orbit radius = 6330436500 
= 42,680 (km) 
. -t/_6,380 A 
f = sin (за 07 = 8-56. 
Y= 90°- $.56°- 81,47 
а) Two satellites cover only axa po 336 
Use three satellites in equatorial 


À > © © 
Geosynchronous orbit plane : 3х (2/0 =9$9 >3 60: 


Polar regions are not covered because, 
yego 
b) Let P, = Power feaasmitted b у satellite antenna. 
$ = Power density within the ie = aS. Б. 
of co р ол th = *с<сгл 0 ded 
Area ne cas ear Lt, r “gin $ 
= Arr ((- соз4)= 2mr' СЧА T(r YF)" 7 4 
S Remove — y- ERT HR = IMG ааа ®# ge 


aamw ith 


q1 


Р 10-22 a) e 27 (70- $0): 


Lamr) P. 
сола 


Where the subscripts е ands denofe earth and 
Satef{ite respectively. 


Алы 2х/оУ 
Te /4 x 109 


55, 
С” 10778) - 3,46 x о, 


3х/ 2 | 
А,т = ZS - = 2.50 ку? Ст), 


а, = f0 0579 = 3.16 x 10? 


= 2./4 ХО “ст), 


r=3.65x107(m), P= §x 10" WD. 
— Ё - 2.7 (w). 


b) From Eg. (10-94): R= = (уа 


1 


Y P -292 
Ae T -FE چ‎ = OM ёт х 3.16х 405 
= U.S (м 
= _4т [| 2.147407 хз, ‚йн 22, 
А ия) 0510 


= 1.54 x 10° (м) = 7.54 (то). 


92 


